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1
THROMBIN INHIBITORS

BACKGROUND OF THE INVENTION

Thrombin 1s a serine protease present 1n blood plasma in
the form of a precursor, prothrombin. Thrombin plays a
central role 1n the mechanism of blood coagulation by
converting the solution plasma protein, fibrinogen, into
insoluble fibrin.

Edwards et al., J. Amer. Chem. Soc., (1992) vol. 114, pp.
1854-63, describes peptidyl a-ketobenzoxazoles which are
reversible inhibitors of the serine proteases human leukocyte
clastase and porcine pancreatic elastase. European Publica-
tion 363 284 describes analogs of peptidase substrates in
which the nitrogen atom of the scissile amide group of the
substrate peptide has been replaced by hydrogen or a sub-
stituted carbonyl moiety. Australian Publication 86245677
also describes peptidase inhibitors having an activated elec-
trophilic ketone moiety such as fluoromethylene ketone or
a-keto carboxyl derivatives. R. J. Brown et al., J. Med.
Chem., Vol. 37, pages 1259-1261 (1994) describes orally
active, non-peptidic inhibitors of human leukocyte elastase
which contain trifluoromethylketone and pyridinone moi-
cties. H. Mack et al., J. Enzyme Inhibition, Vol. 9, pages
73-86 (1993) describes rigid amidino-phenylalanine throm-
bin inhibitors which contain a pyridinone moiety as a central
core structure.

SUMMARY OF THE INVENTION

The mvention includes compounds for mnhibiting loss of
blood platelets, inhibiting formation of blood platelet aggre-
gates, inhibiting formation of fibrin, mmhibiting thrombus
formation, and inhibiting embolus formation 1n a mammal,
comprising a compound of the invention 1n a pharmaceut-
cally acceptable carrier. These compounds may optionally
include anticoagulants, antiplatelet agents, and thrombolytic
agents. The compounds can be added to blood, blood
products, or mammalian organs 1n order to eflfect the desired
inhibitions.

The mvention also includes a compound for preventing or
treating unstable angina, refractory angina, myocardial
infarction, transient ischemic attacks, atrial fibrillation,
thrombotic stroke, embolic stroke, deep vein thrombosis,
disseminated intravascular coagulation, ocular build up of
fibrin, and reocclusion or restenosis of recanalized vessels,
in a mammal, comprising a compound of the invention 1n a
pharmaceutically acceptable carrier. These compounds may

optionally include anticoagulants, antiplatelet agents, and
thrombolytic agents.

The mmvention also includes a method for reducing the
thrombogenicity of a surface 1n a mammal by attaching to
the surface, either covalently or noncovalently, a compound
of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Compounds of the invention are thrombin inhibitors and
may have therapeutic value in, for example, preventing
coronary artery disease. The invention includes compounds
of formula I:
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m 1s 0 or 1;

R is a heterocycle, —(CR*R”), ,NH,, or —(CR*R"),_,OH,
wherein R® and R°, each time in which they occur, are
independently H, C, . alkyl, —CH,F, —CHF,, CF; or
—CH,0H;

W 1s

a) —CHR'R®, where R' is —C(CH,),, and R” is
—(CH,), ,OH,

b) a 3- or 6-membered unsubstituted or substituted hetero-
cycle having 1 or 2 heteroatoms selected from N and O,
wherein substituted heterocycle is substituted with R”,

¢) a 9- or 10-membered unsubstituted or substituted hetero-
cycle having 1 or 2 heteroatoms selected from N, O and
S, wherein substituted heterocycle 1s mono-substituted
with R>, or disubstituted with R® and R*,

or

d) a 3-, 4-, or 5-membered carbocyclic ring which 1s
unsubstituted, mono-substituted with R>, di-substituted
with R® and R”, or tri-substituted with R>, R* and R”;

R* is —CF,, —COOH, —COOR’, —C(O)R°, —CH(OH)
R°, —CH,R®, R®, —O, halogen, R’, —OH, —NH,, or
—NHSO,R’;

R*is —OH, =0, or C,_ alkyl;

R> is C,_, alkyl;

R® is

<

N ;

R’ is C,_ . alkyl; and
R'™ is H or C,_, alkyl.

In one embodiment of the invention, R 1s —CH,NH,,
—CH,OH or tetrazole.

In another embodiment of the mvention, W 1s —CH(C

(CH;),)CH,CH,OH, or —CH(C(CH,),)CH,OH.
In another embodiment of the invention, W 1s
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-continued -continued

or

In a class of this embodiment, W 1s ‘ —R’.
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In another embodiment of the invention, R* is CH,.
In another embodiment of the invention, R> is CH,.
65  In another embodiment of the invention, R’ is CH,.
O In another embodiment of the invention, R'° is H.
In another embodiment of the invention, R'® is CH,.
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S

In another embodiment of the invention, R 1s tetrazole or
—CH,NH,,

In another embodiment of the invention, the compound 1s
(S)—N-[2-(Aminomethyl)-5-chlorobenzyl]-1-[ (R)-2-(2-hy-

droxyethyl)-3,3-dimethylbutanoyl]pyrrolidine-2-carbox-

amide-2,2,2-trifluoroacetate,
(S)—N-[2-(Aminomethyl)-5-chlorobenzyl]-1-[4-(trifluo-

romethyl)-1H-pyrrole-2-carbonyl]pyrrolidine-2-carbox-

amide-2,2,2-trifluoroacetate,

(S)-Ethyl-5-[2-{(2-(aminomethyl)-5-chlorobenzyl)
carbamoyl}pyrrolidine-1-carbonyl]-1H-pyrrole-2-car-
boxylate-2,2,2-trifluoroacetate,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-{ 5-(trifluo-
romethyl)-1H-pyrrole-2-carbonyl }pyrrolidine-2-carbox-
amide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(4-nicoti-
noyl-1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-
b1s(2,2,2-trifluoro acetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-[4-{hydroxyl
(pyridine-4-yl)methyl } -1H-pyrrole-2-carbonyl|pyrroli-
dine-2-carboxamide-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-{4-(pyridin-
4-ylmethyl)-1H-pyrrole-4-carbonyl }pyrrolidine-2-car-
boxamide-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(aminomethyl)-5-chlorobenzyl}-1-(4-nicoti-
noyl-1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-
b1s(2,2,2-trifluoro acetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-[4-{hydroxy
(pyridine-3-yl} methyl]-1H-pyrrole-2-carbonyl)pyrroli-
dine-2-carboxamide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(4-pi-
colinoyl-1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxam-
1de-b1s(2,2,2-trifluoro acetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-[4-{hydroxyl
(pyridine-2-yl)methyl }-1H-pyrrole-2-carbonyl]pyrroli-
dine-2-carboxamide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-{4-(pyridin-
2-ylmethyl)-1H-pyrrole-2-carbonyl }pyrrolidine-2-car-
boxamide-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl)-1-{4-(pyridin-
4-yl)-1H-pyrrole-2-carbonyl)  pyrrolidine-2-carboxam-
1de-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-{4-(pyridin-
3-yI)-1H-pyrrole-2-carbonyl }pyrrolidine-2-carboxamide
b1s(2,2,2-trifluoroacetate),

(S)—N-[{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-(pyri-
din-2-y1)-1H-pyrrole-2-carbonyl } Jpyrrolidine-2-carbox-
amide bis (2,2,2-trifluoroacetate),

(S)—N-{2-(aminomethyl)-5-chlorobenzyl}-1-{(S)-2-(hy-
droxymethyl)-3,3-dimethylbutanoyl} pyrrolidine-2-car-
boxamide-2,2,2-trifluoroacetate,

(S)—N-{5-Chloro-2-(hydroxymethyl)benzyl } -1-{(R)-2-hy-
droxy-3,3-dimethyl  butanoyl}pyrrolidine-2-carboxam-
1de,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(6-0x0-1,6-
dihydropyridine-2-carbonyl)pyrrolidine-2-carboxamide-
2,2, 2-trifluoroacetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(5-hydroxy-
6,7-dihydro-5H-cyclopenta|b]pyridine-5-carbonyl)pyrro-
lidine-2-carboxamide-2,2,2-trifluoroacetate,

(2S)-N-(2-(Aminomethyl)-3-chlorobenzyl)-1-(7-hydroxy-6,
7-dihydro-5H-cyclopenta|b|pyridine-7-carbonyl )pyrroli-
dine-2-carboxamide-bis(2,2,2-trifluoroacetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(1,3-dihy-
droisobenzofuran-1-carbonyl)pyrrolidine-2-carboxam-
1de-2,2,2-trifluoroacetate,

5

10

15

20

25

30

35

40

45

50

55

60

65

6

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(2,2-dioxido-
1,3-dihydrobenzol|a]thiophene-1-carbonyl)pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate-2,2,2-trifluoroacetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(isoindoline-
1-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-trifluo-
roacetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(isoindoline-
1-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-trifluo-
roacetate) Isomer A,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(isoindoline-
1-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-trifluo-
roacetate) Isomer B,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(2,3-dihyd-
robenzoturan-3-carbonyl)pyrrolidine-2-carboxamide-2,2,
2-trifluoroacetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(indoline-3-
carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-trifluoro-
acetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(5-hydroxy-
6,7-dihydro-5H-cyclopenta[b]pyridine-5-
carbonyl }azetidine-2-carboxamide bis(2,2,2-trifluoroac-
ctate),

1(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(5-hydroxy-
6,7-dihydro-5H-cyclopenta[c]pyridine-5-carbonyl)pyrro-
lidine-2-carboxamide bis(2,2,2-trifluoroacetate),

(2S)-N-{2-(aminomethyl)-5-chlorobenzyl } -1-(7-hydroxy-6,
7-dihydro-SH-cyclopenta[c|pyridine-7-carbonyl)pyrroli-
dine-2-carboxamide bis (2,2,2-trifluoroacetate),

(2S)-1-(7-Amino-6,7-dihydro-SH-cyclopenta| b|pyridine-7-
carbonyl)-N-(2-(aminomethyl)-5-chlorobenzyl)pyrroli-
dine-2-carboxamide tris(2,2,2-trifluoroacetate),

(2S)-1-(7-Amino-6,7-dihydro-SH-cyclopenta| b |pyridine-7-
carbonyl)-N-(2-(aminomethyl)-5-chlorobenzyl)pyrroli-
dine-2-carboxamide tris(2,2,2-trifluoroacetate) Isomer A,

(2S)-1-(7-Amino-6,7-dihydro-SH-cyclopenta| b |pyridine-7-
carbonyl)-N-(2-(aminomethyl)-5-chlorobenzyl)pyrroli-
dine-2-carboxamide tris(2,2,2-trifluoroacetate) Isomer B,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(5-hydroxy-
5,6,7,8-tetrahydroquinoline-3-carbonyl)pyrrolidine-2-
carboxamide bis(2,2,2-trifluoroacetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(5-hydroxy-
5,6,7,8-tetrahydroi1soquinoline-5-carbonyl)pyrrolidine-2-
carboxamide bis(2,2,2-trifluoroacetate),

(2S)-N-{2-(aminomethyl)-5-chlorobenzyl } -1-(8-hydroxy-5,
6,7,8-tetrahydroquinoline-8-carbonyl)pyrrolidine-2-car-
boxamide bis(2,2,2-trifluoroacetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(1,3-dihy-
droisobenzofuran-1-carbonyl)azetidine-2-carboxamide-
2,2 .2-trifluoroacetate,

(2S)-N-{2-(aminomethyl)-5-chlorobenzyl } -1-(isoindoline-
1-carbonyl)azetidine-2-carboxamide bis(2,2,2-trifluoro-
acetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(indoline-3-
carbonyl)azetidine-2-carboxamide bis(2,2,2-trifluoroac-
ctate),

(2S)-N-{5-Chloro-2-(1H-tetrazol-1-yl)benzyl }-1-(7-hy-
droxy-6,7-dihydro-SH-cyclopenta|b]pyridine-7-carbo-
nyl)pyrrolidine-2-carboxamide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{(R)-1-hy-
droxy-2,2-dimethylcyclopropanecarbonyl )pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{(R)-1-hy-
droxy-2,2-dimethylcyclopropanecarbonyl )pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate Isomer A,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{(R)-1-hy-
droxy-2,2-dimethylcyclopropanecarbonyl )pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate Isomer B,
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(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-{(R)-tetra-
hydrofuran-2-carbonyl }pyrrolidine-2-carboxamide-2,2,
2-trifluoroacetate,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(5-ethoxy-
1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-2,2,2-
trifluoroacetate,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(5-ethoxy-
1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-2,2,2-
trifluoroacetate Isomer A,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(5-ethoxy-
1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-2,2,2-
trifluoroacetate Isomer B,

(S)-1-(1-Aminocyclopentanecarbonyl)-N-{2-(aminom-
ethyl)-5-chlorobenzyl } pyrrolidine-2-carboxamide-2,2,2-
trifluoroacetate,

Compound

1-12

2-11

F2C

3-5

4-5

Structure

Cl
' %/N
HO/\/\H/
0O O
N

3

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{1-(methyl-
sulfonamido)cyclopentanecarbonyl }pyrrolidine-2-car-
boxamide-2,2,2-trifluoroacetate,

(S)—N-(2-(Aminomethyl)-5-chlorobenzyl)-1-(pyrimidine-
2-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-trifluo-
roacetate),

(S)—N-(2-(aminomethyl)-5-chlorobenzyl)-2-methyl-1-
((R)-5-oxopyrrolidine-2-carbonyl)pyrrolidine-2-carbox-
amide,

0 (S)—N-(2-(aminomethyl)-5-chlorobenzyl)-1-(5-chloro-1H-
pyrrole-2-carbonyl)-2-methylpyrrolidine-2-carboxamide,
or

(S)—N-(2-(aminomethyl)-5-chlorobenzyl)-2-methyl-1-(5-
methyl-1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxam-
ide.

Table 1 shows structures and names of compounds of the
invention:

15

TABL.

LLd
[

Name-Ki1 (nM)

(S)-N-(Aminomethyl)-5-
chlorobenzyl]-1-[(R)-2-(2-
hydroxyethyl)-3,3 -
dimethylbutanoyl|pyrrolidine-2-
carboxamide-2,2,2-

TFA trifluoroacetate (25 nM)

H,

(S)-N-[2-(Aminomethyl)-5-
chlorobenzyl]-1-[4-(trifluoromethyl)-
1H-pyrrole-2-carbonyl]pyrrolidine-2-

carboxamide-2,2,2-

‘TFA trifluoroacetate (110 nM)

NH,

Cl (S)-Ethyl-5-[2-{(2-(aminomethyl)-5-
chlorobenzyl)carbamoyl(pyrrolidine-1-

carbonyl]-1H-pyrrole-2-carboxylate-
2,2 2-trifluoroacetate (47 nM)

*IFA

Cl (S)-N-{2-(Aminomethyl)-5-

chlorobenzyl }-1-{5-(trifluoromethyl)-

1 H-pyrrole-2-carbonyl }pyrrolidine-2-
carboxamide (27 nM)

IFA

NH,
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TABLE 1-continued

Compound Structure Name-Ki1 (nM)

5-9 Cl (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(4-nicotinoyl-1H-
pyrrole-2-carbonyl)pyrrolidine-2-

O
)J\EB%N NH
‘ O NH
NH O ’
6-2 Cl (2S)-N-{2-(Aminomethyl)-5-

carboxamide-bis(2,2,2-trifluoro acetate)
chlorobenzyl }-1-[4-{hydroxyl
O
‘ O NH
NH O 7

(87 nM)
(pyridine-4-yl)methyl }-1H-pyrrole-2-
2 TFA

9,

carbonyl]pyrrolidine-2-carboxamide-
bis(2,2,2-trifluoroacetate) (21 nM)

9,

7-1 Cl (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-{4-(pyridin-4-
ylmethyl)-1H-pyrrole-4-
carbonyl }pyrrolidine-2-carboxamide-
bis(2,2,2-trifluoroacetate) (17 nM)

\TV#,NH
O

2TFA

NH,

8- Cl (S)-N-{2-(aminomethyl)-5-
chlorobenzyl }-1-(4-nicotinoyl-1H-
pyrrole-2-carbonyl)pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoro acetate

5 <{“‘~ (18 nM)
"

«JTFA

9-2 Cl (2S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-[4-{ hydroxy(pyridine-
3-yl}methyl]-1H-pyrrole-2-
carbonyl)pyrrolidine-2-carboxamide

OH (1 3 IlM)

NH,
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5 1-continued

Structure

Compound

10-7

11-2

OH

NH

<

12-1

NH

2 TFA

13-10

14-5

\
_/

{

Name-Ki (nM)
Cl (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(4-picolinoyl-1H-
pyrrole-2-carbonyl)pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoro acetate
(17 nM)

NH,

Cl (2S)-N-{ 2-(Aminomethyl)-5-
chlorobenzyl }-1-[4-{hydroxyl
(pyridine-2-yl)methyl }-1H-pyrrole-
2-carbonyl |pyrrolidine-2-

carboxamide (9.7 nM)

NH,

Cl (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-{4-(pyridin-2-
ylmethyl)- 1H-pyrrolc-2-
carbonyl }pyrrolidine-2-carboxamide-

bis(2,2,2-trifluoroacetate)

NH

NH,

Cl (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl)-1-(4-(pyridin-4-yl)-1H-
pyrrole-2-carbonyl)pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoroacetate)

(3.4 nM)

NH,

2 TFA

Cl (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl}-1-{4-(pyridin-3-yl)-1H-
pyrrole-2-carbonyl pyrrolidine-2-
carboxamide bis(2,2,2-trifluoroacetate)

(22 nM)

NH,

2TFA
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TABLE 1-continued

Compound Structure Name-Ki (nM)

15-8 Cl (S)-N-[{2-(Aminomethyl)-5-
chlorobenzyl }-1-{4-(pyridin-2-y1)-1H-
pyrrole-2-carbonyl } Jpyrrolidine-2-
carboxamide bis (2,2,2-trifluoroacetate)

Z <\ (22 nM)
| o
O

‘ () NH2
T~NH
«2TFA
16-9 Cl (S)-N-{2-(aminomethyl)-5-
chlorobenzyl }-1-{(S)-2-
A/ (hydroxymethyl)-3,3-
v = dimethylbutanoyl }pyrrolidine-2-
= T ‘ carboxamide-2,2,2-trifluoroacetate
N N
HO \/\
O O
™S NH,
*IFA
17-5 Cl (S)-N-{5-Chloro-2-
(hydroxymethyl)benzyl }-1-{(R)-2-
E / hydroxy-3,3-dimethyl
A 7 butanoyl }pyrrolidine-2-
E T carboxamide (3500 nM)
' N N N
Y
O O
OH
18-4 Cl (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(6-oxo0-1,6-
dihydropyridine-2-
= carbonyl)pyrrolidine-2-carboxamide-
/ T ‘ 2,2,2- trifluoroacetate
\ N N\/\/
A\ O
O O
\H Sy,
*IFA
19-4 (2S)-N-{ 2-(Aminomethyl)-5-
chlorobenzyl }-1-(5-hydroxy-6,7-
dihydro-5H-cyclopenta[b]pyridine-5-
Cl carbonyl)pyrrolidine-2-carboxamide-
2,2,2-trifluoroacetate (49 nM)
NH
O
HoN *TFA
20-8 C] (28)-N-(Aminomethyl)-3-
chlorobenzyl)-1-(7-hydroxy-6,7-
dihydro-5H-cyclopenta[b]pyridine-7-
carbonyl)pyrrolidine-2-carboxamide-
NH bis(2,2,2-trifluoroacetate) (7.7 nM)
O
Hs>N

«JTFA
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Compound Structure
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Name-Ki (nM)

(2S)-N-{ 2-(Aminomethyl)-5-
chlorobenzyl }-1-(1,3-
dihydroisobenzofuran-1-
carbonyl)pyrrolidine-2-carboxamide-
2,2,2-trifluoroacetate (15 nM)

(2S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(2,2-dioxido-1,3-
dihydrobenzo[a]thiophene-1-
carbonyl)pyrrolidine-2-carboxamide-
2,2, 2-trifluoroacetate-2,2,2-
trifluoroacetate (400 nM)

(2S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(isoindoline-1-
carbonyl)pyrrolidine-2-carboxamide
bis(2,2,2-trifluoroacetate)
Isomer A (77 nM)

(2S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(isoindoline-1-
carbonyl)pyrrolidine-2-carboxamide
bis(2,2,2-trifluoroacetate)
Isomer B (1.1 nM)

(2S)-N-{ 2-(Aminomethyl)-5-
chlorobenzyl}-1-(2,3-
dihydrobenzofuran-3-

carbonyl)pyrrolidine-2-carboxamide-
2,2 2-trifluoroacetate (9.2 nM)

(2S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(indoline-3-
carbonyl)pyrrolidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (59 nM)



Compound

20-12

27-9

28-6

29-9a

29-9b
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Name-Ki (nM)

(2S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(5-hydroxy-6,7-
dihydro-5H-cyclopenta[b]pyridine-5-
carbonyl }azetidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (325 nM)

{(28)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(5-hydroxy-6,7-
dihydro-5H-cyclopenta[c]pyridine-5-
carbonyl)pyrrolidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (20 nM)

(28)-N-{2-(aminomethyl)-5-
chlorobenzyl }-1-(7-hydroxy-6,7-
dihydro-5H-cyclopenta[c]pyridine-7-
carbonyl)pyrrolidine-2-carboxamide bis
(2,2,2-trifluoroacetate) (16 nM)

(28)-1-(7-Amino-6,7-dihydro-5H-
cyclopenta[b]pyridine-7-carbonyl)-N-
(2-(aminomethyl)-5-
chlorobenzyl)pyrrolidine-2-
carboxamide tris(2,2,2-trifluoroacetate)

Isomer A (30 nM)

(25)-1-(7-Amino-6,7-dihydro-5H-
cyclopenta[b|pyridine-7-carbonyl)-N-
(2-(aminomethyl)-5-
chlorobenzyl)pyrrolidine-2-

carboxamide tris(2,2,2-trifluoroacetate)
Isomer B (100 nM)
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Compound Structure
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Name-Ki (nM)

(2S)-N-{ 2-(Aminomethyl)-5-
chlorobenzyl}-1-(5-hydroxy-5,6,7,8-
tetrahydroquinoline-5-
carbonyl)pyrrolidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (11 nM)

(2S)-N-{ 2-(Aminomethyl)-5-
chlorobenzyl }-1-(5-hydroxy-5,6,7,8-
tetrahydroisoquinoline-5-
carbonyl)pyrrolidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (4.8 nM)

(28)-N-{2-(aminomethyl)-5-
chlorobenzyl }-1-(8-hydroxy-5,6,7,8-
tetrahydroquinoline-&-
carbonyl)pyrrolidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (3.9 nM)

(2S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(1,3-
dihydroisobenzofuran-1-

carbonyl)azetidine-2-carboxamide-
2,2, 2-trifluoroacetate (39 nM)

(2S)-N-{2-(aminomethyl)-5-
chlorobenzyl }-1-(isoindoline-1-
carbonyl)azetidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (2.5 nM)




Compound

35-7

36-3

37-11a

37-11b

38-4

39-10a
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Name-Ki (nM)

(2S)-N-{ 2-(Aminomethyl)-5-
chlorobenzyl }-1-(indoline-3-
carbonyl)azetidine-2-carboxamide
bis(2,2,2-trifluoroacetate) (110 nM)

(2S)-N-{5-Chloro-2-(1H-tetrazol-1-
yl)benzyl }-1-(7-hydroxy-6,7-dihydro-
SH-cyclopenta[b]pyridine-7-
carbonyl)pyrrolidine-2-
carboxamide (2.5 nM)

(S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-{(R)-1-hydroxy-2,2-
dimethylcyclopropanecarbonyl)
pyrrolidine-2-carboxamide-2,2,2-
trifluoroacetate Isomer A (720 nM)

(S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-{(R)-1-hydroxy-2,2-
dimethylcyclopropanecarbonyl)
pyrrolidine-2-carboxamide-2,2,2-
trifluoroacetate Isomer B (65 nM)

(S)-N-{2-(Aminomethyl)-5-
chlorobenzyl}-1-{(R)-tetrahydrofuran-

2-carbonyl }pyrrolidine-2-carboxamide-
2,2, 2-trifluoroacetate (100 nM)

(S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(5-ethoxy-1H-pyrrole-
2-carbonyl)pyrrolidine-2-carboxamide-

2,2, 2-trifluoroacetate
Isomer A (3.4 nM)
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TABLE 1-continued

Compound Structure Name-K1 (nM)

39-10b (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-(5-ethoxy-1H-pyrrole-
2-carbonyl)pyrrolidine-2-carboxamide-

2,2 2-trifluoroacetate Isomer B (3.4 nM)

40-4 (S)-1-(1-Aminocyclopentanecarbonyl)-
N-{2-(aminomethyl}-5-
chlorobenzyl }pyrrolidine-2-

carboxamide-2,2,2-trifluoroacetate

41-5 (S)-N-{2-(Aminomethyl)-5-
chlorobenzyl }-1-{1-
(methylsulfonamido)

cyclopentanecarbonyl}
pyrrolidine-2-carboxamide-2,2,2-
trifluoroacetate

42-3 (S)-N-(Aminomethyl)-5-
chlorobenzyl)-1-(pyrimidine-2-
carbonyl)pyrrolidine-2-carboxamide

bis(2,2,2-trifluoroacetate) (260 nM)

H,N
2 TFA

43 Cl (S)-N-(2-(aminomethyl)-3-
chlorobenzyl)-2-methyl-1-({R)-3-
oxopyrrolidine-2-carbonyl)pyrrolidine-
4 2-carboxamide (526 nM)

NH,

44 Cl (S)-N-(2-(aminomethyl)-5-
chlorobenzyl)-1-(5-chloro-1H-pyrrole-
2-carbonyl)-2-methylpyrrolidine-2-
= carboxamide (104 nM)

Cl N
H

O
OIIIIIIIIIIIIII
i

O

/
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Compound Structure
45 Cl
B g
A

The present invention encompasses all stereoisomeric
forms of the compounds of Formula I. Centers of asymmetry
that are present in the compounds of Formula I can all
independently of one another have (R) configuration or (S)
configuration. When bonds to the chiral carbon are depicted
as straight lines 1n the structural Formulas of the mnvention,
it 1s understood that both the (R) and (S) configurations of
the chiral carbon, and hence both enantiomers and mixtures
thereol, are embraced within the Formula. Similarly, when
a compound name 1s recited without a chiral designation for
a chiral carbon, it 1s understood that both the (R) and (5)
configurations of the chiral carbon, and hence individual
cnantiomers and mixtures thereof, are embraced by the
name. The production of specific stereoisomers or mixtures
thereof may be i1dentified in the Examples where such
stereo1somers or mixtures were obtained, but this 1n no way
limits the inclusion of all stereoisomers and mixtures thereof
from being within the scope of this imnvention.

The invention includes all possible enantiomers and
diastereomers and mixtures of two or more stereoisomers,
for example mixtures of enantiomers and/or diastereomers,
in all ratios. Thus, enantiomers are a subject of the invention
in enantiomerically pure form, both as levorotatory and as
dextrorotatory antipodes, 1n the form of racemates and 1n the
form of mixtures of the two enantiomers 1n all ratios. In the
case of a cis/trans 1somerism the mvention includes both the
cis form and the trans form as well as mixtures of these
forms 1n all ratios. The preparation of individual stereoiso-
mers can be carried out, 1 desired, by separation of a
mixture by customary methods, for example by chromatog-
raphy or crystallization, by the use of stereochemically
uniform starting materials for the synthesis or by stereose-
lective synthesis. Optionally a derivatization can be carried
out before a separation of stereoisomers. The separation of
a mixture ol stereoisomers can be carried out at an inter-
mediate step during the synthesis ol a compound of Formula
I or 1t can be done on a final racemic product. Absolute
stereochemistry may be determined by X-ray crystallogra-
phy of crystalline products or crystalline intermediates
which are derivatized, if necessary, with a reagent contain-
ing a stereogenic center of known configuration. Where
compounds of this invention are capable of tautomerization,
all individual tautomers as well as mixtures thereof are
included 1n the scope of this invention. The present inven-
tion includes all such 1somers, as well as salts, solvates
(including hydrates) and solvated salts of such racemates,
enantiomers, diastereomers and tautomers and mixtures
thereol.

Furthermore, compounds of the present mvention may
exist 1n amorphous form and/or one or more crystalline
forms, and as such all amorphous and crystalline forms and
mixtures thereof of the compounds of Formula 1 are
intended to be included within the scope of the present
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Name-Ki (nM)

(S)-N-(2-(aminomethyl)-5-
chlorobenzyl)-2-methyl-1-(5-methyl-
1 H-pyrrole-2-carbonyl)pyrrolidine-2-

carboxamide (93 nM)

invention. In addition, some of the compounds of the instant
invention may form solvates with water (1.e., a hydrate) or
common organic solvents. Such solvates and hydrates, par-
ticularly the pharmaceutically acceptable solvates and
hydrates, of the instant compounds are likewise encom-
passed within the scope of this invention, along with un-
solvated and anhydrous forms.

Reference to the compounds of this invention as those of
a specific formula or embodiment, e.g., Formula I or any
other generic structural formula or specific compound
described or claimed herein, 1s intended to encompass the
specific compound or compounds falling within the scope of
the formula or embodiment, including salts thereot, particu-
larly pharmaceutically acceptable salts, solvates of such
compounds and solvated salt forms thereoif, where such
forms are possible unless specified otherwise.

In the compounds of Formula I, the atoms may exhibit
their natural i1sotopic abundances, or one or more of the
atoms may be artificially enriched in a particular 1sotope
having the same atomic number, but an atomic mass or mass
number different from the atomic mass or mass number
predominantly found in nature. The present invention 1s
meant to include all suitable isotopic variations of the
compounds of Formula I. For example, different isotopic
forms of hydrogen (H) include protium ('H) and deuterium
(*H). Protium is the predominant hydrogen isotope found in
nature. Enriching for deuterrum may aflord certain thera-
peutic advantages, such as increasing in vivo hali-life or
reducing dosage requirements, or may provide a compound
useful as a standard for characterization of biological
samples. Isotopically-enriched compounds within Formula I
can be prepared without undue experimentation by conven-
tional techniques well known to those skilled in the art or by
processes analogous to those described 1n the Schemes and
Examples herein using appropriate isotopically-enriched
reagents and/or intermediates.

It will be understood that, as used herein, references to the
compounds of structural Formula I are meant to also include
the pharmaceutically acceptable salts, and also salts that are
not pharmaceutically acceptable when they are used as
precursors to the free compounds or their pharmaceutically
acceptable salts or 1n other synthetic manipulations.

The compounds of the present invention may be admin-
istered 1n the form of a pharmaceutically acceptable salt. The
term “pharmaceutically acceptable salt” refers to salts pre-
pared from pharmaceutically acceptable non-toxic bases or
acids including morganic or organic bases and 1norganic or
organic acids. Salts of basic compounds encompassed
within the term “pharmaceutically acceptable salt” refer to
non-toxic salts of the compounds of this invention which are
generally prepared by reacting the free base with a suitable
organic or inorganic acid. Representative salts of basic
compounds of the present immvention include, but are not
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limited to, the following: acetate, ascorbate, adipate, alg-
inate, aspirate, benzenesulionate, benzoate, bicarbonate,
bisulfate, bitartrate, borate, bromide, butyrate, camphorate,
camphorsulfonate, camsylate, carbonate, chloride, clavulan-
ate, citrate, cyclopentane propionate, diethylacetic, diglu-
conate, dihydrochloride, dodecylsulfanate, edetate, edisy-
late, estolate, esylate, ethanesulfonate, formic, fumarate,
gluceptate, glucoheptanoate, gluconate, glutamate, glycero-
phosphate, glycollylarsanilate, hemisulifate, heptanoate,
hexanoate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, 2-hydroxyethanesulionate, hydroxynaph-
thoate, 10dide, 1sonicotinic, 1sothionate, lactate, lactobionate,
laurate, malate, maleate, mandelate, mesylate, methylbro-
mide, methylnitrate, methylsulfate, methanesulionate,
mucate, 2-naphthalenesulfonate, napsylate, nicotinate,
nitrate, N-methylglucamine ammonium salt, oleate, oxalate,
pamoate (embonate), palmitate, pantothenate, pectinate, per-
sulfate, phosphate/diphosphate, pimelic, phenylpropionic,
polygalacturonate, propionate, salicylate, stearate, sulfate,
subacetate, succinate, tannate, tartrate, teoclate, thiocyanate,
tosylate, triethiodide, trifluoroacetate, undeconate, valerate
and the like. Furthermore, where the compounds of the
invention carry an acidic moiety, suitable pharmaceutically
acceptable salts thereof 1include, but are not limited to, salts
derived from inorganic bases including aluminum, ammo-
nium, calcium, copper, ferric, ferrous, lithium, magnesium,
manganic, mangamous, potassium, sodium, zinc, and the
like. Particularly preferred are the ammonium, calcium,
magnesium, potassium, and sodium salts. Salts derived from
pharmaceutically acceptable organic non-toxic bases
include salts of primary, secondary, and tertiary amines,
cyclic amines, dicyclohexyl amines and basic 1on-exchange
resins, such as arginine, betaine, cafleine, choline, IN,N-
dibenzylethylenediamine, diethylamine, 2-diethylamin-
oecthanol, 2-dimethylaminoethanol, ethanolamine, ethylam-

ne, cthylenediamine, N-ethylmorpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,

morpholine, piperazine, piperidine, polyamine resins, pro-
caine, purines, theobromine, tricthylamine, trimethylamine,
tripropylamine, tromethamine, and the like. Also, included
are the basic nitrogen-containing groups may be quaternized
with such agents as lower alkyl halides, such as methyl,
cthyl, propyl, and butyl chloride, bromides and 1odides;
dialkyl sulfates like dimethyl, diethyl, dibutyl; and diamyl
sulfates, long chain halides such as decyl, lauryl, myristyl
and stearyl chlorides, bromides and 1odides, aralkyl halides
like benzyl and phenethyl bromides and others.

Also, 1 the case of a carboxylic acid (—COOH) or
alcohol group being present in the compounds of the present
invention, pharmaceutically acceptable esters of carboxylic
acid derivatives, such as methyl, ethyl, or pivaloyloxym-
cthyl, or acyl derntvatives of alcohols, such as O-acetyl,
O-pivaloyl, O-benzoyl, and O-aminoacyl, can be employed.
Included are those esters and acyl groups known 1n the art
for modifying the solubility or hydrolysis characteristics for
use as sustained-release or prodrug formulations.

If the compounds of Formula I simultaneously contain
acidic and basic groups 1n the molecule the imnvention also
includes, 1n addition to the salt forms mentioned, inner salts
or betaines (zwitterions). Salts can be obtained from the
compounds of Formula I by customary methods which are
known to the person skilled in the art, for example by
combination with an organic or morganic acid or base in a
solvent or dispersant, or by anion exchange or cation
exchange from other salts. The present invention also
includes all salts of the compounds of Formula I which,
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owing to low physiological compatibility, are not directly
suitable for use in pharmaceuticals but which can be used,

for example, as intermediates for chemical reactions or for
the preparation of physiologically acceptable salts.

Any pharmaceutically acceptable pro-drug modification
of a compound of this invention which results in conversion
in vivo to a compound within the scope of this invention 1s
also within the scope of this invention. For example, esters
can optionally be made by esterification of an available
carboxylic acid group or by formation of an ester on an
available hydroxy group in a compound. Similarly, labile
amides can be made. Pharmaceutically acceptable esters or
amides of the compounds of this mnvention may be prepared
to act as pro-drugs which can be hydrolyzed back to an acid
(or —COQO™ depending on the pH of the fluid or tissue where
conversion takes place) or hydroxy form particularly in vivo
and as such are encompassed within the scope of this
invention. Examples of pharmaceutically acceptable pro-
drug modifications include, but are not limited to, —C,_
salkyl esters and —C, _calkyl substituted with phenyl esters.

Accordingly, the compounds within the generic structural
formulas, embodiments and specific compounds described
and claimed herein encompass salts, all possible stereoiso-
mers and tautomers, physical forms (e.g., amorphous and
crystalline forms), solvate and hydrate forms thereof and any
combination of these forms, as well as the salts thereof,
pro-drug forms thereot, and salts of pro-drug forms thereof,
where such forms are possible unless specified otherwise.

When any variable occurs more than one time 1n any
constituent or 1n formula I, its definition on each occurrence
1s mdependent of 1ts definition at every other occurrence.
Also, combinations of substituents and/or variables are
permissible only 1f such combinations result 1n stable com-
pounds.

Some abbreviations that may appear 1n this application
are as follows:

ABBREVIATTONS

AcOH acetic acid

Ac,0 acetic anhydride

BnBr benzyl bromide

BOC tert-butyloxycarbonyl

(BOC),0 di-t-butyl dicarbonate

Buli butyl lithtum

CAN ceric ammonium nitrate

CBZ benzyloxycarbonyl

CBZ-Cl benzyl chloroformate

Celite® Celite® (Fluka) diatomite 1s diatomaceous earth
CPBA chloroperoxybenzoic acid

DBU 1,8-Diazobicyclo[5.4.0]Jundec-7-ene

DCC N,N'-dicyclohexylcarbodiimide

IAD dusopropyl azodicarboxylate

IBAL-H diusobutylaluminium hydride

IPEA/DIEA N,N-dusopropylethylamine (Hiinig’s base)
MAP dimethylaminopyridine

MF dimethyliformamide

MP Dess-Martin Periodinane

MSO dimethylsulfoxide

PPA diphenylphosphoryl azide

EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EtOH ethanol

EtOAc ethyl acetate

Et,N triethylamine

Et,SiH triethylsilane

Fmoc (FMOC) 9-fluorenylmethoxycarbonyl

o OO0 0C0 00
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Fmoc-Cl 9-fluorenylmethyl chloroformate

HATU O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethy]l-
uronium hexafluorophosphate

HC(OEt), triethyl orthoformate

HOACc acetic acid

HOBt 1-hydroxybenzotriazole
LAH lithium aluminum hydride
LiHMDS lithtum bis(trimethylsilyl)amide

MEM methoxyethoxymethyl

MEM-CI] methoxyethoxymethyl Chlornde
MeOH methanol

MPM methoxyphenylmethyl
MPM-CI methoxyphenylmethyl Chloride
MsCl methanesulifonyl chloride

MTBE methyl tert-butyl ether
NaBH,CN sodium cyanoborohydride
NaHMDS sodium hexamethyldisilazide

NaN, sodium azide

NH_,OAc ammonium acetate
NMO N-Methylmorpholine-N-oxide

OAc acetoxy group

Pd/C palladium on carbon

Pd(PPh,), tetrakis(triphenylphosphine)palladium(0)

PEG polyethylene glycol

PMe, trimethylphosphane

pna p-nitroanilide

PPh, triphenylphosphane

PR Pro-Arg

PyBOP (benzotriazol-1-yloxy)tripyrrolidinophosphonium
hexafluorophosphate

PyBroP bromo-tris-pyrrolidino phosphoniumhexatluoro-
phosphate

rt room temperature

sar sarcosine

SEM-CI (2-chloromethoxyethyl)trimethylsilane
SFC supercritical fluid

TBAF tetrabutylammonium Fluoride
TFA trifluoroacetic acid

THF tetrahydrofuran

T1Cl, titanium tetrachloride

TLC thin layer chromatography

TMS tetramethylsilane

TMSCEF; (trifluoromethyl)trimethylsilane
TMSCI trimethylsilyl chloride

TMSCN trimethylsilyl cyanide

TRIS tris(hydroxymethyl)aminomethane

/-GPR-alc Z-Gly-Pro-Arg-7-amino-4-trifluoromethylcou-
marin
/n(N,), zinc azide

Except where noted, the term “alkyl” refers to both
branched- and straight-chain saturated aliphatic hydrocar-
bon groups having the specified number of carbon atoms
(Me 1s methyl, Et 1s ethyl, Pr 1s propyl, Bu 1s butyl),
unsubstituted or substituted with C,_, alkyl or halogen.

Except where noted, the term “halogen” means fluorine,
chlorine, bromine or 1odine.

Except where noted, the term “C;_4 cycloalkyl” refers to
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohep-
tyl, and cyclooctyl, and the like, unsubstituted or substituted
with C, _, alkyl or halogen.

Except where noted, the term “carbocycle” (and varia-
tions thereol such as “carbocyclic” or “carbocyclyl”) as used
herein, unless otherwise indicated, refers to a C; to C,
monocyclic saturated ring. Saturated carbocyclic rings are
also referred to as cycloalkyl rings, e.g., cyclopropyl,
cyclobutyl, etc.
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Except where noted, the term “aryl” refers to a stable 6-
to 10-membered mono- or bicyclic ring system such as
phenyl, or naphthyl. The aryl nng can be unsubstituted or
substituted with one or more of C,_, alkyl, hydroxyl, alkoxy,
halogen, or amino.

Except where noted, the term “heterocycle” or “hetero-
cyclic ring” refers to a stable mono- or bicyclic heterocyclic
ring system, any ring of which may be saturated or unsatu-
rated, and which consists of carbon atoms and heteroatoms
selected from the group consisting of N, O and S, and
wherein the nitrogen and sulfur heteroatoms may optionally
be oxidized, and the nitrogen heteroatom may optionally be
quaternized, and including any bicyclic group in which any
of the above-defined heterocyclic rings 1s fused to a benzene
ring. Especially useful are rings containing one oxygen or
sulfur, one to four nitrogen atoms, or one oxygen or sulfur
combined with one or two nitrogen atoms. The heterocyclic
ring may be attached at any heteroatom or carbon atom
which results in the creation of a stable structure. Examples
ol such heterocyclic groups 1include piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl,
2-oxoazepinyl, azepinyl, pyrrolyl, 4-piperidonyl, pyrrolidi-
nyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazolinyl, 1mi-
dazolidinyl, pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidi-
nyl, pyrnidazinyl, oxazolyl, oxazolidinyl, 1soxazolyl,
1soxazolidinyl, morpholinyl, thiazolyl, thiazolidinyl, 1sothi-
azolyl, quinuclidinyl, 1sothiazolidinyl, indolyl, quinolinyl,
isoquinolinyl, benzimidazolyl, thiadiazoyl, benzopyranyl,
benzothiazolyl, benzoxazolyl, furyl, tetrahydrofuryl, tetra-
hydropyranyl, tetrazole, thienyl, benzothienyl, thiamor-
pholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sul-
fone, and oxadiazolyl. Morpholino 1s the same as
morpholinyl.

In this specification methyl substituents may be repre-
sented by

-

For example, the structures

NN NN

o 94 ks

have equivalent meanings.
Thrombin Inhibitors—Therapeutic Uses—Method of Using

Anticoagulant therapy 1s indicated for the treatment and
prevention of a variety of thrombotic conditions, particularly
coronary artery and cerebrovascular disease. Those experi-
enced 1n this field are readily aware of the circumstances
requiring anticoagulant therapy. The term “patient” used
herein 1s taken to mean mammals such as primates, includ-
ing humans, sheep, horses, cattle, pigs, dogs, cats, rats, and
mice.

Thrombin inhibition i1s useful not only 1n the anticoagu-
lant therapy of individuals having thrombotic conditions, but
1s useful whenever inhibition of blood coagulation 1is
required such as to prevent coagulation of stored whole
blood and to prevent coagulation in other biological samples
for testing or storage. Thus, the thrombin inhibitors can be
added to or contacted with any medium containing or
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suspected of containing thrombin and 1n which 1t 1s desired
that blood coagulation be inhibited, e¢.g., when contacting
the mammal’s blood with material selected from the group
consisting of vascular graits, stents, orthopedic prosthesis,
cardiac prosthesis, and extracorporeal circulation systems.
Compounds of the invention may be useful for treating or
preventing venous thromboembolism (e.g., obstruction or
occlusion of a vein by a detached thrombus; obstruction or
occlusion of a lung artery by a detached thrombus), cardio-
genic thromboembolism (e.g., obstruction or occlusion of
the heart by a detached thrombus), arterial thrombosis (e.g.,
formation of a thrombus within an artery that may cause
infarction of tissue supplied by the artery), atherosclerosis
(e.g., arteriosclerosis characterized by 1rregularly distributed
lipid deposits) in mammals, and for lowering the propensity
ol devices that come 1nto contact with blood to clot blood.
Examples of venous thromboembolism which may be
treated or prevented with compounds of the invention
include obstruction of a vein, obstruction of a lung artery

(pulmonary embolism), deep vein thrombosis, thrombosis
associated with cancer and cancer chemotherapy, thrombo-
s1s 1nherited with thrombophilic diseases such as Protein C
deficiency, Protein S deficiency, antithrombin III deficiency,
and Factor V Leiden, and thrombosis resulting from
acquired thrombophilic disorders such as systemic lupus
erythematosus (intflammatory connective tissue disease).
Also with regard to venous thromboembolism, compounds
of the invention may be useful for maintaining patency of
indwelling catheters.

Examples of cardiogenic thromboembolism which may
be treated or prevented with compounds of the mmvention
include thromboembolic stroke (detached thrombus causing
neurological affliction related to impaired cerebral blood
supply), cardiogenic thromboembolism associated with
atrial fibrillation (rapid, irregular twitching of upper heart
chamber muscular fibrils), cardiogenic thromboembolism
associated with prosthetic heart valves such as mechanical
heart valves, and cardiogenic thromboembolism associated
with heart disease.

Examples of arterial thrombosis include unstable angina
(severe constrictive pain 1n chest of coronary origin), myo-
cardial infarction (heart muscle cell death resulting from
insuilicient blood supply), ischemic heart disease (local
anemia due to obstruction (such as by arterial narrowing) of
blood supply), reocclusion during or after percutancous
transluminal coronary angioplasty, restenosis alter percuta-
neous transluminal coronary angioplasty, occlusion of coro-
nary artery bypass graits, and occlusive cerebrovascular
disease. Also with regard to arterial thrombosis, compounds
of the mvention may be usetul for maintaining patency 1n
arteriovenous cannulas.

Examples of atherosclerosis include arteriosclerosis.

Examples of devices that come into contact with blood
include vascular grafts, stents, orthopedic prosthesis, cardiac
prosthesis, and extracorporeal circulation systems

The thrombin inhibitors of the invention can be admin-
istered 1n such oral forms as tablets, capsules (each of which
includes sustained release or timed release formulations),
pills, powders, granules, elixirs, tinctures, suspensions, Syr-
ups, and emulsions. Likewise, they may be administered in
intravenous (bolus or infusion), mtraperitoneal, subcutane-
ous, or intramuscular form, all using forms well known to
those of ordinary skill in the pharmaceutical arts. An eflec-
tive but non-toxic amount of the compound desired may be
employed as an anti-aggregation agent. For treating ocular
build up of fibrin, the compounds may be administered
intraocularly or topically as well as orally or parenterally.

5

10

15

20

25

30

35

40

45

50

55

60

65

32

The thrombin inhibitors can be administered in the form
of a depot mjection or implant preparation which may be
formulated 1n such a manner as to permit a sustained release
of the active ingredient. The active ingredient can be com-
pressed into pellets or small cylinders and implanted sub-
cutancously or intramuscularly as depot injections or
implants. Implants may employ inert materials such as
biodegradable polymers or synthetic silicones, for example,
Silastic, silicone rubber or other polymers manufactured by
the Dow-Corning Corporation.

The thrombin inhibitors can also be administered 1n the
form of liposome delivery systems, such as small unilamel-
lar vesicles, large unilamellar vesicles and multilamellar
vesicles. Liposomes can be formed from a variety of phos-
pholipids, such as cholesterol, stearylamine or phosphati-
dylcholines.

The thrombin mhibitors may also be delivered by the use
of monoclonal antibodies as individual carriers to which the
compound molecules are coupled. The thrombin inhibitors
may also be coupled with soluble polymers as targetable
drug carriers. Such polymers can include polyvinlypyrroli-
done, pyran copolymer, polyhydroxy-propyl-methacrylam-
ide-phenol, polyhydroxyethyl-aspartamide-phenol, or poly-
cthyleneoxide-polylysine  substituted with  palmitoyl
residues. Furthermore, the thrombin inhibitors may be
coupled to a class of biodegradable polymers useful in
achieving controlled release of a drug, for example, poly-
lactic acid, polyglycolic acid, copolymers of polylactic and
polyglycolic acid, polyepsilon caprolactone, polyhydroxy
butyric acid, polyorthoesters, polyacetals, polydihydropy-
rans, polycyanoacrylates and cross linked or amphipathic
block copolymers of hydrogels.

The dosage regimen utilizing the thrombin inhibitors 1s
selected 1 accordance with a variety of factors including
type, species, age, weight, sex and medical condition of the
patient; the severity of the condition to be treated; the route
of administration; the renal and hepatic function of the
patient; and the particular compound or salt thereof
employed. An ordinarily skilled physician or veterinarian
can readily determine and prescribe the eflective amount of
the drug required to prevent, counter, or arrest the progress
of the condition.

Oral dosages of the thrombin inhibitors, when used for the
indicated eflects, will range between about 0.01 mg per kg
of body weight per day (img/kg/day) to about 30 mg/kg/day,
preferably 0.025-7.5 mg/kg/day, more preferably 0.1-2.5
mg/kg/day, and most preferably 0.1-0.5 mg/kg/day (unless
specified otherwise, amounts of active ingredients are on
free base basis). For example, an 80 kg patient would receive
between about 0.8 mg/day and 2.4 g/day, preterably 2-600
mg/day, more preferably 8-200 mg/day, and most preferably
8-40 mg/kg/day. A suitably prepared medicament for once a
day administration would thus contain between 0.8 mg and
2.4 g, preferably between 2 mg and 600 mg, more preferably
between 8 mg and 200 mg, and most preferably 8 mg and 40
mg, e.g., 8 mg, 10 mg, 20 mg and 40 mg. Advantageously,
the thrombin inhibitors may be administered 1 divided
doses of two, three, or four times daily. For administration
twice a day, a suitably prepared medicament would contain
between 0.4 mg and 4 g, preferably between 1 mg and 300
mg, more preferably between 4 mg and 100 mg, and most
preferably 4 mg and 20 mg, ¢.g., 4 mg, 5 mg, 10 mg and 20
mg.

Intravenously, the patient would receive the active ingre-
dient 1n quantities suilicient to deliver between 0.025-7.5
mg/kg/day, preferably 0.1-2.5 mg/kg/day, and more prefer-
ably 0.1-0.5 mg/kg/day. Such quantities may be adminis-
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tered 1n a number of suitable ways, e.g. large volumes of low
concentrations of active ingredient during one extended
period of time or several times a day, low volumes of high
concentrations of active ingredient during a short period of
time, €.g. once a day. Typically, a conventional intravenous
formulation may be prepared which contains a concentration
of active ingredient of between about 0.01-1.0 mg/ml, e.g.
0.1 mg/ml, 0.3 mg/ml, and 0.6 mg/ml, and administered 1n
amounts per day of between 0.01 ml/’kg patient weight and
10.0 ml’kg patient weight, e.g. 0.1 ml/kg, 0.2 ml’kg, 0.5
ml/kg. In one example, an 80 kg patient, receiving 8 ml
twice a day of an intravenous formulation having a concen-
tration of active ingredient of 0.5 mg/ml, receives 8 mg of
active mgredient per day. Glucuronic acid, L-lactic acid,
acetic acid, citric acid or any pharmaceutically acceptable
acid/conjugate base with reasonable buflering capacity in
the pH range acceptable for intravenous administration may
be used as buflers. The choice of appropriate buller and pH
of a formulation, depending on solubility of the drug to be
administered, 1s readily made by a person having ordinary
skill 1n the art.

The compounds can also be administered in intranasal
form via topical use of suitable intranasal vehicles, or via
transdermal routes, using those forms of transdermal skin
patches well known to those of ordinary skill 1n that art. To
be administered 1n the form of a transdermal delivery
system, the dosage administration will, or course, be con-
tinuous rather than intermittent throughout the dosage
regime.

The thrombin inhibitors are typically administered as
active ingredients in admixture with suitable pharmaceutical
diluents, excipients or carriers (collectively referred to
herein as “carrier” materials) suitably selected with respect
to the intended form of administration, that 1s, oral tablets,
capsules, elixers, syrups and the like, and consistent with
convention pharmaceutical practices.

For instance, for oral administration in the form of a tablet
or capsule, the active drug component can be combined with
an oral, non-toxic, pharmaceutically acceptable, 1nert carrier
such as lactose, starch, sucrose, glucose, methyl cellulose,
magnesium stearate, dicalcium phosphate, calcium sulfate,
mannitol, sorbitol and the like; for oral administration 1n
liquid form, the oral drug components can be combined with
any oral, non-toxic, pharmaceutically acceptable inert car-
rier such as ethanol, glycerol, water and the like. Moreover,
when desired or necessary, suitable binders, lubricants,
distintegrating agents and coloring agents can also be incor-
porated into the mixture. Suitable binders include starch,
gelatin, natural sugars such as glucose or beta-lactose,
corn-sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodium alginate, carboxymethylcellulose,
polyethylene glycol, waxes and the like. Lubricants used in
these dosage forms 1nclude sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate,
sodium chloride and the like. Disintegrators include, without
limitation, starch methyl cellulose, agar, bentonite, xanthan
oum and the like.

The thrombin 1mnhibitors can also be co-administered with
suitable anticoagulants, including, but not limited to, other
thrombin inhibitors, thrombin receptor antagonists, factor
VIla inhibitors, factor 1Xa inhibitors, factor Xa inhibitors,
factor Xla inlibitors, adenosine diphosphate antiplatelet
agents (e.g., P2Y12 antagonists), {ibrinogen receptor
antagonists (e.g. to treat or prevent unstable angina or to
prevent reocclusion after angioplasty and restenosis), other
anticoagulants such as aspirin, and thrombolytic agents such
as plasminogen activators or streptokinase to achieve syn-
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ergistic eflects 1n the treatment of various vascular patholo-
gies. Such anticoagulants include, for example, apixaban,
dabigatran, Cangrelor ticagrelor, vorapaxar, clopidogrel,
edoxaban, mipomersen, prasugrel rivaroxaban, and semu-
loparin. For example, patients suflering {from coronary artery
disease, and patients subjected to angioplasty procedures,
would benefit from coadministration of fibrinogen receptor
antagonists and thrombin nhibitors. Also, thrombin inhibi-
tors enhance the efliciency of tissue plasminogen activator-
mediated thrombolytic reperfusion. Thrombin inhibitors
may be administered first following thrombus formation,
and tissue plasminogen activator or other plasminogen acti-
vator 1s admimstered thereatter.

Alternatively or additionally, one or more additional phar-
macologically active agents may be administered in combi-
nation with a compound of the invention. The additional
active agent (or agents) 1s mtended to mean a pharmaceu-
tically active agent (or agents) that 1s active in the body,
including pro-drugs that convert to pharmaceutically active
form after administration, which 1s diflerent from the com-
pound of the mvention, and also includes free-acid, free-
base and pharmaceutically acceptable salts of said additional
active agents when such forms are sold commercially or are
otherwise chemically possible. Generally, any suitable addi-
tional active agent or agents, including but not limited to
anti-hypertensive agents, additional diuretics, anti-athero-
sclerotic agents such as a lipid modifying compound, anti-
diabetic agents and/or anti-obesity agents may be used 1n
any combination with the compound of the invention 1n a
single dosage formulation (a fixed dose drug combination),
or may be administered to the patient 1n one or more separate
dosage formulations which allows for concurrent or sequen-
t1al administration of the active agents (co-administration of
the separate active agents). Examples of additional active
agents which may be employed include but are not limited
to angiotensin converting enzyme inhibitors (e.g, alaceprl,
benazepril, captopril, ceronapril, cilazapril, delapril, enal-
april, enalaprilat, fosinopril, imidapril, lisinopril, mov-
cltipril, perindopril, quinapril, ramipril, spirapril, temo-
capril, or trandolapril); angiotensin II receptor antagonists
also known as angiotensin receptor blockers or ARBs, which
may be 1n free-base, free-acid, salt or pro-drug form, such as
azilsartan, e.g., azilsartan medoxomil potassium
(EDARBI®), candesartan, e.g., candesartan cilexetil (ATA-
CAND®), eprosartan, e.g., eprosartan mesylate (TE-
VETAN®), irbesartan (AVAPRO®), losartan, ¢.g., losartan
potassium (COZAAR®), olmesartan, e.g, olmesartan
medoximil (BENICAR®), telmisartan (MICARDIS®), val-
sartan (DIOVAN®), and any of these drugs used in combi-
nation with a thiazide-like diuretic such as hydrochlorothi-
azide (e.g., HYZAAR®, DIOVAN HCT®, ATACAND
HCT®), etc.); potasstum sparing diuretics such as amiloride
HCIl, spironolactone, epleranone, triamterene, each with or
without HCTZ; neutral endopeptidase inhibitors (e.g., thio-
rphan and phosphoramidon); aldosterone antagonists; aldos-
terone synthase inhibitors; renin inhibitors; enalkrein; RO

42-5892; A 65317, CP 80794; ES 1005; ES 8891; SQ 34017;
aliskiren (2(5),4(S),3(S),7(S)-N-(2-carbamoyl-2-methylpro-
pyl)-S-amino-4-hydroxy-2,7-diisopropyl-8-[4-methoxy-3-

(3-methoxypropoxy)-phenyl]-octanamid hemifumarate)
SPP600, SPP630 and SPP633); endothelin receptor antago-
nists; vasodilators (e.g. nitroprusside); calcium channel
blockers (e.g., amlodipine, nifedipine, verapamil, diltiazem,
telodipine, gallopamil, niludipine, nimodipine, nicardipine);
potassium channel activators (e.g., nicorandil, pinacidil,
cromakalim, minoxidil, aprilkalim, loprazolam); sym-
patholitics; beta-adrenergic blocking drugs (e.g., acebutolol,
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atenolol, betaxolol, bisoprolol, carvedilol, metoprolol, meto-
prolol tartate, nadolol, propranolol, sotalol, timolol); alpha
adrenergic blocking drugs (e.g., doxazocin, prazocin or
alpha methyldopa); central alpha adrenergic agonists;
peripheral vasodilators (e.g. hydralazine); lipid lowering
agents, e.g., HMG-CoA reductase mhibitors such as simv-
astatin and lovastatin which are marketed as ZOCOR® and
MEVACOR® 1n lactone pro-drug form and function as
inhibitors after administration, and pharmaceutically accept-
able salts of dihydroxy open ring acid HMG-CoA reductase
inhibitors such as atorvastatin (particularly the calcium salt
sold in LIPITOR®), rosuvastatin (particularly the calcium
salt sold mm CRESTOR®), pravastatin (particularly the
sodium salt sold in PRAVACHOL®), and fluvastatin (par-
ticularly the sodium salt sold in LESCOL®); a cholesterol
absorption 1inhibitor such as ezetimibe (ZETIA®), and

ezetimibe 1n combination with any other lipid lowering
agents such as the HMG-CoA reductase inhibitors noted

above and particularly with simvastatin (VY TORIN®) or
with atorvastatin calcium; niacin 1n immediate-release or

controlled release forms, and particularly niacin in combi-
nation with a DP antagonist such as laropiprant (TREDAP-

TIVE®) and/or with an HMG-CoA reductase inhibitor;
niacin in immediate-release or controlled release forms, and

particularly niacin 1n combination with a DP antagonist such
as laropiprant (TREDAPTIVE®) and/or with an HMG-CoA
reductase inhibitor; niacin receptor agonists such as acipi-
mox and aciiran, as well as niacin receptor partial agonists;
metabolic altering agents including insulin sensitizing,
agents and related compounds for the treatment of diabetes
such as biguanides (e.g., metiormin), meglitinides (e.g.,
repaglinide, nateglinide), sulfonylureas (e.g., chlorprop-
amide, glimepiride, glipizide, glyburide, tolazamide, tolbu-
tamide), thiazolidinediones also referred to as glitazones
(e.g., pioglitazone, rosiglitazone), alpha glucosidase inhibi-
tors (e.g., acarbose, miglitol), dipeptidyl peptidase inhibi-
tors, (e.g., sitagliptin (JANUVIA®), alogliptin, vildagliptin,
saxagliptin, linagliptin, dutogliptin, gemigliptin), ergot alka-
loids (e.g., bromocriptine), combination medications such as
JANUMET® (sitagliptin with metformin), and injectable
diabetes medications such as exenatide and pramlintide
acetate; or with other drugs beneficial for the prevention or
the treatment of the above-mentioned diseases including but
not limited to diazoxide; and including the free-acid, free-
base, and pharmaceutically acceptable salt forms, pro-drug
forms, e.g., esters, and salts of pro-drugs of the above
medicinal agents, where chemically possible. Trademark
names of pharmaceutical drugs noted above are provided for
exemplification of the marketed form of the active agent(s);
such pharmaceutical drugs could be used 1n a separate
dosage form for concurrent or sequential administration with
a compound of the invention, or the active agent(s) therein
could be used 1n a fixed dose drug combination 1including a
compound of the invention.

Typical doses of thrombin inhibitors of the mvention in
combination with other suitable anti-platelet agents, antico-
agulation agents, or thrombolytic agents may be the same as
those doses of thrombin inhibitors administered without
coadministration of additional anti-platelet agents, antico-
agulation agents, or thrombolytic agents, or may be sub-
stantially less that those doses of thrombin inhibitors admin-
istered without coadministration of additional anti-platelet
agents, anticoagulation agents, or thrombolytic agents,
depending on a patient’s therapeutic needs.

INTERMEDIATE COMPOUND PREPARATTON

Intermediate compounds used to prepare compounds of
the 1nvention can be prepared according to Scheme 1.
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Scheme 1
protect form
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P = amine protecting group

R™ =R as defined above, or a protected version (if necessary) of R

Intermediate compounds described in Scheme 1 can be
prepared by methods known to those skilled in the art. The
synthesis generally begins with the core amino-acid A. The
N-H group 1s protected using a standard amine protecting
group such as BOC, FMOC, CBZ, and the like by reacting
the amine with the approprniate protecting reagent such as
(BOC),0, FMOC-CI, CBZ-(Cl, and the like at a temperature
of 0-35° C. 1n an appropriate solvent such as THF, dioxane,
ether, dichloromethane, and the like, with or without added
base such as NaHCO,, Et;N, and the like for a period of 1-24
hours. In cases where the core contains an additional amino
group, the second amine 1s protected with an orthogonal
protecting group such as BOC, FMOC, CBZ, and the like
using standard techniques known to those skilled 1n the art.
Upon completion, the reaction mixture 1s diluted with water,
acidified by addition of a strong acid such as hydrochloric
acid, sulfuric acid, and the like, and extracted with an
organic solvent such as ethyl acetate, ether, and the like. The
product 1s 1solated by evaporation of the solvent and may be
purified by chromatography or used “as 1s” in the next step.

The second step of the synthesis involves coupling the
core acid with an amine side chain to form an amide bond.
This can be accomplished using standard amide bond-
forming techniques well-known to those skilled in the art.
The core acid and the side chain amine are dissolved or
suspended 1n a suitable solvent such as DMF, THEFE, dichlo-
romethane, and the like then a coupling agent such as EDC,

DCC, PyBOP and the like 1s added and the reaction 1is
allowed to proceed, with or without an additive such as
HOBT, DMAP, and the like at a temperature of 0-35° C. for
1-24 hours. Upon completion, the reaction mixture 1s diluted
with water, washed with a basic aqueous solution such as
aqueous sodium bicarbonate, aqueous potassium carbonate,
and the like and extracted with an organic solvent such as
cthyl acetate, ether, and the like. The product 1s 1solated by
evaporation of the solvent and may be purified by chroma-
tography or used “as 1s” 1n the next step.
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The third step mvolves removal of the amine protecting
group 1nstalled in step one using standard methods well-
known to those skilled 1n the art. The fluorenylmethoxycar-
bonyl (FMOC) group, for example, 1s removed by dissolv-
ing the product of step two 1n an appropriate solvent such as
dichloromethane, ether, and the like and adding an organic
amine base such as piperidine, morpholine, and the like. The
reaction mixture 1s stirred at a temperature ot 0-35° C. for
1-24 hours then concentrated under vacuum. The residue 1s
purified by silica gel chromatography or HPLC to aflord the
desired intermediate.

Intermediate compounds used to prepare compounds of
the invention can be prepared according to Scheme 2.

Scheme 2
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Intermediate 12, prepared from either optically pure
2-alkyl proline or racemic 2-alkyl proline (11) via protection
of the secondary amino group under standard conditions, 1s
coupled to mtermediate I3 in the presence ol a peptide
coupling reagent such as EDC 1n a solvent such as DMF to
form intermediate 14. The Fmoc group 1s removed with a
base such as piperidine to form intermediate I5.

Intermediate compound tert-Butyl 2-(aminomethyl)-4-chlo-
robenzylcarbamate (Intermediate 3a, where R 1s
—CH,NHBoc) can be prepared according to Scheme 3.
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Scheme 3

1. MeOH, HCl
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Intermediate 3a

Step A: Preparation of 2-bromo-5-chlorobenzoate

Through a solution of 2-bromo-5-chlorobenzoic acid (11
g, 46.7 mmol) in methanol (250 ml) was bubbled HCI gas.
The reaction was allowed to warm to room temperature and
stirred overnight. The reaction mixture 1s concentrated 1n
vacuo to give an orange oil, which 1s purified by flash
chromatography (silica gel, hexane) to give the title com-
pound as a colorless o1l.

1H NMR (CDCl,, 400 MHz): 6 7.78 (d, 1H, J=2.6 Hz);
7.59(d, 1 H,]=12.81 Hz); 7.30 (dd, 1 H, J=8.6, 2.5 Hz); 3.94
(s, 3H)

Step B: Preparation of Methyl
S-chloro-2-cyanobenzoate

To a solution of methyl 2-bromo-3-chlorobenzoate (1.15
g 4.6 mmol) 1n degassed DMF was added zinc cyanide (282
mg, 2.40 mmol) and palladium tetrakis triphenylphosphine
(100 mg, 0.086 mmol) and the reaction 1s stirred at 90° C.
over nmight. The reaction was partitioned between ethyl
acetate and water. The organic was concentrated in vacuo
and purified by flash chromatography eluting a gradient to
10 to 25% ethyl acetate 1n hexane yielding a white solid
(methyl 3-chloro-2-cyanobenzoate.

H NMR (CDCl;, 400 MHz): ¢ 8.13 (d, 1 H, J=1.83 Hz);
3.09 (d, 1 H, ]=8.24 Hz); 7.29 (dd, 1 H, J=8.34, 2.10 Hz);
4.02 (s, 3 H)

Step C: Preparation of
2-(aminomethyl)-3-chlorophenyl jmethanol

To LAH (1 M/Et, O, 104.4 ml, 104.4 mmol) 1n anhydrous
THF (300 ml) at 0 C was added methyl 5-chloro-2-cya-
nobenzoate (9.28 g, 0.512 mmol) maintaining the tempera-
ture below 20° C. After one half hour, quenched at 0° C. with
water (3.97 ml), NaOH (1N, 11.9 ml, 11.9 mmol) and water
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(3.97 ml). A precipitate was filtered out and washed with
THF. The filtrate was concentrated in vacuo and was used

immediately 1n the next step.
H NMR (CDCl;, 400 MHz): 6 7.17-7.36 (m, 3 H); 4.60
(s, 2 H); 3.98 (s, 2 H);

Step D: Preparation of tert-butyl
4-chloro-2-(hydroxymethyl)benzylcarbamate

To a solution of [2-(aminomethyl)-3-chlorophenyljmetha-
nol i dichloromethane (200 ml), was added di-tert-butyl-
dicarbonate (11.38 g, 52.18 mmol) at room temperature.
After one hour, the reaction was partitioned. The organic
layer was concentrated in vacuo and purified by flash
chromatography eluting a gradient of ethyl acetate/hexane
which gave a brown o1l, which was taken up 1n dichlo-
romethane (500 ml) and treated with activated charcoal
yielding a pink solid.

H NMR (CDCl,, 400 MHz): 6 7.36 (s, 1 H); 7.2-7.5 (m,
2H);4.69(bs,2H);4.32(d, 2 H, J=6.04 Hz); 1.43 (s, 9 H).

Step E: Preparation of tert-Butyl
2-(azaidomethyl)-4-chlorobenzylcarbamate

To a solution of tert-butyl 4-chloro-2-(hydroxymethyl)
benzylcarbamate (10 g, 36.8 mmol) in anhydrous THF (100
ml) was added DPPA (8.3 ml, 38.6 mmol) and DBU (5.79
ml, 38.6 mmol). The mixture was stirred overnight and then
was partitioned between ethyl acetate and water. The organic
layer was washed with brine, and was concentrated in vacuo
to a crude o1l (14.6 g). Purification was accomplished by
silica gel chromatography, eluting a gradient of ethyl
acetate-hexane (10, 15, 20, 25, 30%) to give tert-butyl
2-(aminomethyl)-4-chlorobenzylcarbamate.

H NMR (CDCl,;, 400 MHz): 0 7.25-7.39 (m, 3 H); 4.41
(s, 2 H), 432 (d, 2 H, J=5.86 Hz); 1.45 (s, 9 H).

Step F: Preparation of tert-Butyl
2-(aminomethyl)-4-chlorobenzylcarbamate

To a solution of tert-butyl 2-(azidomethyl)-4-chloroben-
zylcarbamate (10.9 g, 36.73 mmol) in THF (60 ml) and
water (6 ml) was added triphenylphospine (10.59 g, 40.40
mmol). The reaction was heated to 65° C. and stirred
overnight at room temperature. The reaction was concen-
trated 1n vacuo and flashed with 4% (10% NH_,OH/MeOH)/
dichloromethane. A second purification using silica gel
column chromatography with a careful gradient of 3 to 5%
(10% NH_,OH/MeOH)/dichloro methane gave the title com-
pound.

H NMR (CDCl;, 400 MHz) 0 7.21-7.52 (m, 3 H); 4.32 (b
d, 2 H); 3.90 (s, 2 H); 1.44 (s, 9 H).

Intermediate compounds used to prepare compounds of
the mnvention where W 1s a 9- or 10-membered heterocycle
can be prepared according to the procedure outlined in

Scheme 4.
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R*=R as defined above, or a protected version (i necessary)
of R.

Intermediate compounds described in Scheme 4 can be
prepared by methods known to those skilled in the art. The
synthesis generally begins with the core cyclopentanone 16.
The cyclopentanone 1s treated with TMSCN giving rise to
the corresponding cyanohydrin I7. The cyanohydrin can be
hydrolyzed either by strongly acidic or basic conditions
giving rise to the a-hydroxyacid I8. The acid I8 1s then
reacted with amine 19 with at a temperature of 0-35° C. n
an appropriate solvent such as THF, dioxane, ether, dichlo-

romethane, and the like, with or without added base such as
NaHCO,, Et;N, and the like for a period of 1-24 hours. In
cases where the core contains an additional amino group, the
second amine 1s protected with an orthogonal protecting
group such as BOC, FMOC, CBZ, and the like using
standard techniques known to those skilled 1n the art. Upon
completion, the reaction mixture 1s diluted with water,
acidified by addition of a strong acid such as hydrochloric
acid, sulfuric acid, and the like, and extracted with an
organic solvent such as ethyl acetate, ether, and the like. The
product 1s 1solated by evaporation of the solvent and may be
purified by chromatography or used “as 1s” 1n the next step.
General Procedures and Conditions

NMR determinations were made using 400 MHz field
strength. Ki data was obtained according to the procedure
described 1n Lewis, et al. Thromb. Res. 1993, 70, 173
(assays of human a-thrombin and human trypsin), and
Lewis, et al. Thromb. Haemostasis 1995, 74, 1107-1112.
Reactions sensitive to moisture or air were performed under
nitrogen or argon using anhydrous solvents and reagents.
The progress of reactions was determined by either analyti-
cal thin layer chromatography (TLC) usually performed
with E. Merck precoated TLC plates, silica gel 60E-254,
layer thickness 0.25 mm or liqud chromatography-mass
spectrometry (LC-MS). Typically, the analytical LC-MS
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system used consisted of a Waters ZQ platiorm with elec-
trospray 1onization in positive 1on detection mode with an
Agilent 1100 series HPLC with autosampler. The column
was usually a Water Xterra MS C18, 3.0x50 mm, 5 um. The
flow rate was 1 mL/min, and the injection volume was 10
ul. UV detection was 1n the range 210-400 nm. The mobile
phase consisted of solvent A (water plus 0.06% TFA) and
solvent B (acetonitrile plus 0.05% TFA) with a gradient of
100% solvent A for 0.7 min changing to 100% solvent B
over 3.75 min, maintained for 1.1 min, then reverting to
100% solvent A over 0.2 min. Preparative HPLC purnifica-
tions were usually performed using a mass spectrometry
directed system. Usually they were performed on a Waters
Chromatography Workstation configured with LC-MS Sys-
tem Consisting of: Waters ZQ single quad MS system with
Electrospray Ionization, Waters 2525 Gradient Pump,
Waters 2767 Injector/Collector, Waters 996 PDA Detetor,
the MS Conditions of: 150-750 amu, Positive Electrospray,
Collection Triggered by MS, and a Waters Sunfire C-18 5
micron, 30 mm (1d)x100 mm column. The mobile phases
consisted of mixtures of acetonitrile (10-100%) 1n water
containing 0.1% TFA. Flow rates were maintained at 50
ml./min, the injection volume was 1800 ulL, and the UV
detection range was 210-400 nm. Mobile phase gradients
were optimized for the individual compounds. Reactions
performed using microwave irradiation were normally car-
ried out using an Emrys Optimizer manufactured by Per-
sonal Chemistry, or an Initiator manufactured by Biotage.
Concentration of solutions was carried out on a rotary
evaporator under reduced pressure. Flash chromatography
was usually performed using a Biotage Flash Chromatog-
raphy apparatus (Dyax Corp.) on silica gel (32-63 mM, 60

pore size) in pre-packed cartridges of the size noted. "H
NMR spectra were acquired at 500 MHz spectrometers in
CDCI, solutions unless otherwise noted. Chemical shiits
were reported 1in parts per million (ppm). Tetramethylsilane
(TMS) was used as internal reference 1n CD;Cl solutions,
and residual CH,OH peak or TMS was used as internal
reference 1n CD;OD solutions. Coupling constants (J) were
reported 1 hertz (Hz). Chiral analytical chromatography
was performed on one of Chiralpak AS, Chiralpak AD,
Chiralcel OD, Chiralcel 1A, or Chiralcel OJ columns (250x
4.6 mm) (Daicel Chemical Industries, Ltd.) with noted
percentage of either ethanol 1n hexane (% Et/Hex) or 1so-
propanol in heptane (% IPA/Hep) as 1socratic solvent sys-
tems. Chiral preparative chromatography was conducted on
one of Chiralpak AS, Chiralpak AD, Chiralcel OD, Ciralcel
IA, or Chiralcel OJ columns (20x250 mm) (Daicel Chemical
Industries, Ltd.) with desired 1socratic solvent systems 1den-
tified on chiral analytical chromatography or by supercritical

fluid (SFC) conditions. Celite® (Fluka) diatomite 1s diato-
maceous earth, and can be referred to as “celite”.

EXAMPLE 1

Preparation of (S)—N-[2-(Aminomethyl)-5-chlo-
robenzyl]-1-[(R)-2-(2-hydroxyethyl)-3,3-dimeth-
ylbutanoyl]pyrrolidine-2-carboxamide-2,2,2-trifluo-
roacetate (1-12)
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(R)-4-Benzyl-3-(3,3-dimethylbutanoyl )oxazolidin-2-
one (1-3)

A solution of tert-butylacetyl chloride 1-2 (8.6 mL, 62.1
mmol) i anhydrous THF (50 mL) was added dropwise to
the mixture of (R)-4-benzyloxazolidin-2-one 1-1 (10.0 g,
56.4 mmol), Et,N (17.4 mL, 124 mmol) and DMAP (0.86 g,
7.04 mmol) 1n anhydrous THF (100 mL) at 0° C., and the
reaction mixture was stirred at the same temperature for 3 h.
Water (200 mL) was added to quench the reaction, and the
mixture was extracted with EtOAc (2x200 mL). The organic
layer was washed with brine (200 mL), dried over anhydrous
Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by combaiflash (silica gel; 40-70%
CH,Cl,/hexanes) to provide acylated intermediate 1-3.

(R)-tert-Butyl-3-[(R)-4-benzyl-2-oxooxazolidine-3-
carbonyl]-4,4-dimethylpentanoate (1-5)

A solution of sodium hexamethyldisilazide (1M in THE,
17.9 mL, 17.9 mmol) was added dropwise to a stirred
solution of 1mide intermediate 1-3 (4.50 g, 16.3 mmol) 1n
THF (60 mL) at -78° C., and reaction mixture was stirred at
—-78° C. for 3.5 h. A solution of tert-butyl bromo acetate 1-4
(7.2 mL, 49.0 mmol) in THF (20 mL) was added dropwise
to the said mixture and mixture was again stirred at —=78° C.
for 18 h. The reaction mixture was quenched by NH_Cl1 (sat.
aqg., 30 mL) and warmed to room temperature. The reaction
mixture was diluted with water and extracted with MTBE
(2x100 mL). The combined organic layers were washed
with brine solution (100 mL), dried over anhydrous Na,SO,,
filtered, and concentrated under reduced pressure. The resi-
due was purified by combiflash (silica gel; eluent: 20-30%

EtOAc/hexanes) to provide alkylated intermediate 1-5.

(R)-3-[(R)-4-Benzyl-2-oxooxazolidine-3-carbonyl]-
4.4-dimethylpentanoic acid (1-6)

TFA (5 mL, 65.3 mmol) was added to the solution of
tert-butyl ester intermediate 1-5 (3.3 g, 8.48 mmol) in
CH,Cl, (20 mL), and the reaction mixture was stirred at
room temperature for 5 h. The solvent was removed under
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reduced pressure and the residue was azeotroped with tolu-
ene (2 x20 mL) and dried over high vacuum pump for 2 h
to provide acid 1-6.

(R)-4-Benzyl-3-[(R)-2-(2-hydroxyethyl)-3,3-dimeth-
ylbutanoyl]oxazolidin-2-one (1-7)

The 2.0 M solution of BH,*Me,S 1n THF (19.1 mL, 57.3
mmol) was added dropwise to the solution of acid 1-6 (2.8
g, 8.40 mmol) in THF (20 mL), and the reaction mixture was
stirred at room temperature for 5 h. The reaction was
quenched by slow addition of MeOH (30 mL) at 0° C. and
mixture was stirred at room temperature for 30 min. The
solvent was removed under reduced pressure and residue
was purified by combitlash (silica gel; eluent: 50-60%
EtOAc/hexanes) to provide alcohol intermediate 1-7.

(R)-4-Benzyl-3-{(R)-2-[2-{(2-methoxyethoxy)
methoxy }ethyl]-3,3-dimethylbutanoyl}oxazolidin-2-
one (1-8)

MEM-C1(0.71 mL, 6.2 mmol) and DIPEA (0.63 mL, 3.41
mmol) were added to the solution of alcohol 1-7 (1.0 g, 3.1
mmol) in THF (20 mL), and the reaction mixture was stirred
at 50° C. for 16 h. The reaction was quenched by water (20
ml) and extracted with EtOAc (2x25 mL). The combined
organic extract was washed with brine solution (25 mlL),
water (25 mL), dried over anhydrous Na,SQO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by combiflash (silica gel; eluent: 25-30% EtOAc/

hexanes) to provide protected alcohol 1-8.

(R)-2-[2-{(2-Methoxyethoxy)methoxy }ethyl]-3,3-
dimethylbutanoic acid (1-9)

The solution of LiOH (0.51 g, 15 mmol) 1n water (2 mL)
was added dropwise to the solution of alcohol intermediate
1-8 (1.35 g, 3 mmol) in THF (15 mL) and H,O, (257 mg, 6
mmol; 30% solution) at 0° C. and reaction mixture was
stirred at room temperature for 3 days. The solvent was
removed under reduced pressure and mixture was diluted
with water (20 mL), and extracted with EtOAc (5x30 mL).
The combined organic extract was washed with brine solu-
tion (25 mL), dried over anhydrous Na,SQO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by reverse phase combiflash (C18; eluent: 40-50%
acetonitrile/water) to provide protected acid 1-9.

tert-Butyl-4-chloro-2-[{(S)-1-{(R)-2-[2-{(2-
methoxyethoxy)methoxy tethyl]-3,3-dimethylbu-
tanoyl)pyrrolidine-2-carboxamido }methyl]benzyl-
carbamate (1-11)

The mixture of acid 1-9 (0.10 g, 0.40 mmol), amine 1-10
(0.148 g, 0.40 mmol), EDC (0.084 g, 0.44 mmol) and HOBt

(0.059 g, 0.44 mmol) 1n DMF (5 mL) was stirred at room
temperature for 16 h. The reaction was quenched with water
(10 mL) and extracted with EtOAc (3x20 mL). The com-
bined organic extract was washed with brine solution (20
mlL.), water (20 mL), dried over anhydrous Na,SO,, filtered

and concentrated under reduced pressure. The residue was
purified by reverse phase combaiflash (C18; eluent: 60-70%

acetonitrile/water) to provide 1-11.
(S)—N-{2-(Aminomethyl)-5-chlorobenzyl }-1-{(R)-
2-(2-hydroxyethyl)-3,3-
dimethylbutanoyl }pyrrolidine-2-carboxamide (1-12)

The 50% solution of TFA (6 mL) in CH,Cl, was added to
the solution of 1-11 (0.075 g, 0.13 mmol) in CH,Cl, (1 mL)
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and reaction mixture was stirred at room temperature for 2
h. The solvent was removed under reduced pressure and
residue was azeotroped with toluene (2x5 mL) and crude
product was purified by reverse phase combitlash (C18;
eluent: 30-35% acetonitrile/water) to provide 1-12. 'H NMR
(MeOD-d,, 400 MH_) (0) ppm: 7.47 (d, J=1.6 Hz, 1H),
7.42-7.36 (m, 2H), 4.46-4.31 (m, 3H), 4.27-4.19 (m, 2H),
3.86-3.80 (m, 1H), 3.71-3.67 (m, 1H), 3.59-3.50 (m, 2H),
2.62 (dd, J=2.8 Hz, J=10.8 Hz, 1H), 2.20-2.15 (m, 1H),
1.98-1.92 (m, 3H), 1.88-1.68 (m, 2H), 0.98 (s, 9H).

EXAMPLE 2

-[ 2-(Aminomethyl)-5-chlo-
robenzyl]-1-[4- (trlﬂuoromethyl) 1H-pyrrole-2-car-

bonyl]pyrrohdme-2-carboxam1de-2 2,2-trifluoroac-
ctate (2-11)
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— NaOH (10% aq)
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60 (25)-1-(tert-Butoxycarbonyl)-4-hydroxypyrrolidine-
2-carboxylic acid (2-2)

A solution of di-tert-butyldicarbonate (29.9 g, 137.4
mmol) mn THF (30 mL) was added to the mixture of

65 trans-4-hydroxy-L-proline 2-1 (15.0 g, 114.5 mmol) and
10% aqueous NaOH (10 g, 252 mmol) in THF (100 mL) and

reaction mixture was stirred at room temperature for 16 h.
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Organic solvent was removed at reduced pressure and mix-
ture was diluted with water (200 mL). The aqueous layer

was washed with MTBE (200 mL), acidified to pH 2 with
10% aqueous KHSO,, and extracted with EtOAc (3x200
ml). The combined organic layers were washed with brine
solution (200 mL), water (200 mL), dried over anhydrous
Na,SQO,, filtered and concentrated under reduced pressure to
provide Boc protected proline 2-2.

(25)-2-Benzyl-1-tert-butyl-4-hydroxypyrrolidine-1,
2-dicarboxylate (2-3)

Benzyl bromide (16.0 mL, 135 mmol) was added drop-
wise to the mixture of Boc proline intermediate 2-2 (24.0 g,
104 mmol) and Et,N (18.1 mL, 135 mmol) in THF (500 mL)

at 0° C. and reaction mixture was stirred at same temperature
for 30 min and then at room temperature for 16 h. The

solvent was removed at reduced pressure and residue was

dissolved mm EtOAc and washed with 1IN HCI1 (300 mlL),
water (300 mL), aqueous saturated NaHCO, solution (300
ml) and water (300 mL). The organic layer dried over
anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The o1l was purified by column chromatography

(silica gel; eluent: 25-30% EtOAc/hexanes) to provide ben-
zyl ester intermediate 2-3.

(S)-2-Benzyl 1-tert-butyl 4-oxopyrrolidine-1,2-di-
carboxylate (2-4)

Dess-Martin periodinane (35.4 g, 130 mmol) was added
in portions to the solution of hydroxyl proline intermediate
2-3 (21.0 g, 65.4 mmol) in CH,CI, (200 mL) at 0° C. The
mixture was warmed to room temperature and stirred at
same temperature for 3 h. The reaction mixture was diluted
with CH,Cl, (200 mL), washed with 1:1 mixture of satu-
rated aqueous NaHCO, (200 mL) solution and saturated
aqueous Na,S,0; (200 mL) solution. The organic layer was
dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure to provide ketone 2-4.

(25)-2-Benzyl 1-tert-butyl 4-hydroxy-4-(trifluorom-
cthyl)pyrrolidine-1,2-dicarboxylate (2-5)

(Trifluoromethyl trimethylsilane (2.0 mL, 13.7 mmol)
and TBAF (0.5 mL, cat) was added dropwise to the solution
of ketone mtermediate 2-4 (4.0 g, 12.5 mmol) in THF (60
mlL) at 0° C. and reaction mixture was stirred at room
temperature for 20 h. The reaction was quenched with
saturated aqueous NH,Cl, solution (50 mL) and stirred for
15 min. TBAF (20 mL, 1.0 M i THF) was added and
reaction mixture was stirred at room temperature for 1.5 h.
The organic layer was separated and aqueous layer was
extracted with MTBE (3x100 mL). The combined organic
extract was washed with brine solution (200 mL), water (200
ml.), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The residue was purified by
combitlash (silica gel; eluent: 20% EtOAc/hexanes) to pro-
vide the hydroxyl trifluoromethyl proline intermediate 2-5.

(S)-2-Benzyl-1-tert-butyl 4-(trifluoromethyl)-1H-
pyrrole-1,2(2H, SH)-dicarboxylate (2-6)

A mixture of hydroxyl trifluoromethyl proline intermedi-
ate 2-5 (1.9 g, 4.88 mmol), SOCI, (5 mL, 68.8 mmol) 1n
anhydrous pyridine (65 mL) was stirred at 90° C. for 1 h.
The reaction was cooled to room temperature and quenched

with water (50 mL) and extracted with MTBE (2x100 mL).
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The combined organic extract was washed with 1M HCI (50
mL), saturated NaHCO, solution (50 mL), water (50 mL),
and brine solution (30 mL). The organic layer was dried over
anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by combitlash (silica gel;
20% EtOAc/hexanes) to obtain intermediate 2-6.

2-Benzyl-1-tert-butyl-4-(trifluoromethyl)-1H-pyr-
role-1,2-dicarboxylate (2-7)

A solid CrO, (1.65 g, 16.5 mmol) was added 1n portions
to the mixture of the pyridine (3.5 mL) and CH,C1, (10 mL)
at 0° C. and mixture was stirred at same temperature for 20
min. A solution of dihydropyrrole mtermediate 2-6 (0.30 g,
0.80 mmol) in CH,Cl, (3 mL) was added and mixture was
warmed to room temperature followed by stirring at 90° C.
for 2 h. The solvent was removed under reduced pressure
and residue was washed with MTBE (4x20 mlL). The
combined organic extract was washed with 1M HCI (20
mlL), saturated aqueous NaHCO; (20 mL), water (30 mL)
and dried over anhydrous Na,SO,, filtered and concentrated.
The residue was purified by combitlash (silica gel; eluent:
20% EtOAc/hexanes) to provide pyrrole 2-7.

1 -(tert-Butoxycarbonyl)-4-(trifluoromethyl )- 1H-
pyrrole-2-carboxylic acid (2-8)

Pd/C (0.044 g, 20% by wt) was added to the solution of

the benzyl ester intermediate 2-7 (0.22 g, 0.39 mmol) 1n
EtOAc (20 mL) and reaction mixture was stirred under H,

atmosphere (1 atm) at room temperature for 16 h. The
mixture was diluted with EtOAc (25 mL) and filtered over
pad of celite. The filterate was dried over anhydrous
Na,SO,, filtered and concentrated under educed pressure to
provide acid 2-8.

(S)-tert-Butyl 2-(2-{(2-[{(tert-butoxycarbony]l)
amino methyl]-5-chlorobenzyl)
carbamoyl} pyrrolidine-1-carbonyl)-4-(trifluorom-
cthyl)-1H-pyrrole-1-carboxylate (2-10)

The mixture of acid 2-8 (110 mg, 0.39 mmol), amine 2-9
(0.144 g, 0.39 mmol), HATU (0.448 g, 1.18 mmol) and
DIPEA (0.41 mL, 2.36 mmol) in DMF (5 mL) was stirred at
room temperature for 4 h. The reaction was quenched with
water (20 mL) and extracted with EtOAc (3x20 mL). The
combined organic extract was dried over anhydrous
Na,SO,, filtered, and concentrated under reduced pressure.
The residue was purified by reverse phase combitlash (C18,
cluent: 60-70 acetonitrile/water) to provide 2-10.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-
(trifluvoromethyl)-1H-pyrrole-2-

carbonyl }pyrrolidine-2-carboxamide-2,2,2-trifluoro-
acetate (2-11)

A 50% solution of TFA (5 mL) m CH,CIl, was added to
the solution of 2-10 (0.10 g, 0.16 mmol) 1n CH,Cl, (1 mL)
and mixture was stirred at room temperature for 3 h. The
solvent was removed under reduced pressure, the residue
was azeotroped with toluene (2x20 mL) and dried over high
vacuum pump. The crude product was purified by reverse
phase combiflash (C18; 20-30% acetonitrile/water) to obtain
2-11 as white solid. 'H NMR (CD,CN, 400 MH.) (8) ppm:
11.06 (brs, 1H), 7.91-7.82 (m, 4H), 7.36 (d, J=8 Hz, 1H),
7.27 (dd, J=2 Hz, J=23 Hz, 2H), 7.23 (s, 2H), 6.84 (s, 1H),
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4.32 (dd, J=6 Hz, I=16.8 Hz, 1H), 4.30 (quat, J=4.8 Hz, 1H),
4.18 (dd, J=5.2 Hz, J=14.6 Hz, 1H), 4.10 (s, 2H), 3.79-3.72
(m, 2H), 2.08-1.90 (m, 3H).

EXAMPLE 3

Preparation of (S)-Ethyl-5-[2-{(2-(aminomethy])-5-
chlorobenzyl)carbamoyl}-pyrrolidine-1-carbonyl]-
1H-pyrrole-2-carboxylate-2,2,2-trifluoroacetate (3-3)

CO,Me
Li1OH
-
ethanol:water (1:1)
rt. 12 h
Cl
/
{ \
H
O
™ NHBoc
3-3
-
HATU, DIPEA
EtOOC DME
3-2
Cl
N
N TFA
-
CH,Cl,
O
O NHBoc
3-4
Cl
N
N
O
O NH,
*TFA
3-5

S>-(Ethoxycarbonyl)-1H-pyrrole-2-carboxylic acid
(3-2)

To a solution of methyl-5-(trifluoromethyl)-1H-pyrrole-
2-carboxylate (3-1, 0.05 g, 0.26 mmol) in EtOH:H,O (1:1,
2.0 mL) was added L1OH (0.031 g, 1.29 mmol) and mixture
was allowed to stir at room temperature for 106 h. The
reaction mixture was concentrated under reduced pressure
and residue was dissolved in water (5 mL) and acidified with
2M aqueous HCI solution to pH 3.0 and extracted with
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EtOAc (2x20 mL). The combined organic layers were
washed with brine (10 mL) dried over anhydrous Na,SO,,
and concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel, 20% EtOAc/
hexanes) to provide acid 3-2.

(S)-Ethyl-5-(2-{(2-[{ (tert-butoxycarbony]l)
amino }methyl]-5-chlorobenzyl)
carbamoyl} pyrrolidine-1-carbonyl)-1H-pyrrole-2-
carboxylate (3-4)

HATU (0.228 g, 0.60 mmol) was added 1n portion to the
solution of amine 3-3 (0.20 g, 0.54 mmol), acid 3-2 (0.10 g,
0.65 mmol) and DIPEA (0.19 mL, 1.09 mmol) in DMF (2.0
ml) at 0° C. and reaction mixture was stirred at room
temperature for 2 h. The reaction mixture was quenched
with water (30 mL) and extracted with EtOAc (2x30 mL).
The combined organic layer washed with saturated aqueous
NaHCOj, solution (15 mL), water (2x50 mL), brine (20 mL),
dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by column
chromatography (silica gel, ethylacetate/hexanes: 2:3) to
provide amide 3-4.

(S)-Ethyl-5-[2-{(2-(aminomethyl)-5-chlorobenzyl)
carbamoyl} pyrrolidine-1-carbonyl]-1H-pyrrole-2-
carboxylate (3-5)

A mixture of amide 3-4 (0.02 mg, 0.038 mmol) and TFA
(0.43 uLL, 0.57 mmol) in CH,C1, (2.0 mL) and water (10 uL)
was stirred at room temperature for 16 h. The solvent and
volatiles were removed under reduced pressure and residue
was purified by reverse phase combitlash column chroma-
tography (C18, eluent: 0-20% acetonitrile/water) to provide
3-5. 'H NMR (300 MHz, CDCl,): 8 7.73, (d, J=8.4 Hz, 1H),
7.66 (d, J=8.4 Hz, 2H), 7.57-7.50 (m, 1H), 7.41-7.34 (m,
1H), 5.0 (s, 2H), 1.37 (s, SH).

EXAMPLE 4

Preparation of (S)—N-{2-(Aminomethyl)-5-chlo-
robenzyl }-1-{5-(trifluoromethyl)-1H-pyrrole-2-
carbonyl }pyrrolidine-2-carboxamide (4-5)

CO,H  Cr3l—rIedOy
T H->0,
.-
DMSO
\ NH 45-50°C. 2 h
4-1
Cl

/l\
g \

N

H

M X
T
NHBoc

3-3

HATU, DIPEA
DMF

4-2
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Cl
N
N
o Y TFA
NHBo¢ — -
CH,Cl,

4-4

Cl

\%

N
N7

~

NH,

*IFA

4-5

S-(Trifluoromethyl)-1H-pyrrole-2-carboxylic acid
(4-2)

A solution of H,SO, in DMSO (9.45 mL, 1.0 mol/L),
solution of CF5I in DMSO (11.0 mL, 3 mol/L) and aqueous
solution of FeSO, (3.75 ml, 1.0 mol/L.) was added 1in
sequence to a solution of pyrrole-2-carboxylic acid 4-1 (1.0
g 9.0 mmol) in DMSO (30 ml) at room temperature.
Thereatter, H,O, (1.02 mL, 18.00 mmol, 30% 1n water) was
added dropwise to the mixture and stirred at room tempera-
ture for 30 min. The reaction mixture was diluted with water
(100 mL), extracted with EtOAc (3x100 mL). The combined
organic extracts were washed with water (30 mL), brine (50
mlL), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The residue was purified by
column chromatography (silica gel; eluent: EtOAc/hexanes,
3:2) to provide S-(trifluoromethyl)-/H-pyrrole-2-carboxylic
acid 4-2.

(S)-tert-Butyl-4-chloro-2-[{1-(5-(trifluoromethyl)-
1H-pyrrole-2-carbonyl)pyrrolidine-2-
carboxamido } methyl]|benzylcarbamate (4-4)

HATU (0.228 g, 0.60 mmol) was added in portion to the
mixture of amine 4-3 (0.20 g, 0.54 mmol), acid 4-2 (0.107
g, 0.60 mmol) and DIPEA (0.084 g, 0.65 mmol) in DMF (2.0
ml.) and reaction mixture was stirred at 2 h. The reaction
mixture was diluted with EtOAc (30 mL), washed with
saturated aqueous NaHCO, solution (15 mL), water (2x30
mlL), brine (20 mL) and dried over anhydrous Na,SO,. The
organic layer was concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel,
cthylacetate-hexanes, 2:3) to amide 4-4 as amorphous off
white solid.

N-{2-(Aminomethyl)-5-chlorobenzyl }-1-{5-
(trifluoromethyl)-1H-pyrrole-2-
carbonyl}pyrrolidine-2-carboxamide (4-5)

A mixture of Boc protected amine 4-4 (0.182 g, 0.34
mmol) and TFA (0.26 mL, 3.44 mmol) 1n CH,Cl, (2.0 mL)
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and water (50 uL) was stirred at room temperature for 16 h.
The solvent and volatiles were removed at reduced pressure
and residue was purified by reverse phase combitlash col-

umn chromatography (C18: eluent: 0-20% acetonitrile/wa-
ter) to provide 4-5. '"H NMR (400 MHz, MeOD): & 7.47 (s,
1H), 7.43 (d, J=8.3 Hz, 1H), 7.39 (d, J=8.3 Hz, 1H), 6.79 (d.,
J=3.6 Hz, 1H), 6.63 (d, J=3.6 Hz, 1H), 4.59 (d, J=15.1 Hz,
1H), 4.55-4.49 (m, 1H), 4.31 (d, J=15.1 Hz, 1H), 4.29-4.19
(m, 2H), 4.00-3.88 (m, 2H), 2.36-2.21 (m, 1H), 2.20-1.90
(m, 3H).

EXAMPLE 5

Preparation of (S) -5-chlo-
robenzyl}-1-(4-nicotinoyl-1H-pyrrole-2-carbonyl)
pyrrolidine-2-carboxamide-bis(2,2,2-trifluoro
acetate) (5-9)

Br

/

H

SEM —CI, Nal
ol

CO,Me DMF

2N NaOH, EtOH

-

CO,Me

reflux

1. n-BulLi, THF, -
COH 7

N
SN

SEM ‘
5-3

5-4
Cl
O N

HBoc

HATU, DIEA, DMF

3-3

OH
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-continued
Cl
TFA
. CILCL
O NHBoc
5-8
N
A 2TFA
5-9
Methyl-4-bromo-1-[{2-(trimethylsily])

ethoxy } methyl]-1H-pyrrole-2-carboxylate (5-2)

A solution of 4-bromo-1H-pyrrole-2-carboxylate 5-1 (1.0
g, 4.9 mmol) in DMF (2 mL) was added dropwise to the

mixture of sodium hydride (0.22 g, 9.8 mmol) 1n DMF (5
ml) at 0° C. and mixture was stirred at same temperature for
30 min. SEM-CI1(0.95 mL, 5.39 mmol) was added dropwise
and mixture was further stirred at room temperature for 14
h. The reaction mixture was quenched with ice-water (30
ml.) and extracted with EtOAc (3x50 mL). The combined
organic extract was washed with water (100 mL), brine (50
ml.), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The residue was purified by
reverse phase combiflash column chromatography (C18:

cluent: 10-100% acetonitrile/water) to obtain pyrrole ester
5-2.

4-Bromo-1-[{2-(trimethylsilyl)ethoxy }methyl]-1H-
pyrrole-2-carboxylic acid (5-3)

A solution of NaOH (0.24 g, 6.0 mmol) 1n water (3 mL)
was added dropwise to a solution of ester 5-2 (0.3 g, 0.90
mmol) 1n ethanol (3 mL) and mixture was heated to retflux
for 5 h. The organic solvent was removed under reduced
pressure and the mixture was diluted with water (25 mL) and
washed with MTBE (25 mlL). The aqueous layer was
acidified with 1M aqueous HCI to pH 2 and extracted with
EtOAc (3x50 mL). The combined organic extract were
washed with brine solution (25 mL), dried over anhydrous
Na,SQ,, filtered and concentrated. The residue was purified
by reverse phase combiflash column chromatography (C18;
cluent: 10-100% acetonitrile/water) to obtain amide 5-3.

4-{Hydroxyl(pyridine-4-yl)methyl } -1-[ { 2-(trimeth-
ylsilyl)ethoxy} methyl]-1H-pyrrole-2-carboxylic acid
(5-5)

A solution of n-Bul.1 (1.6M 1n hexanes, 0.73 mL, 1.17
mmol) was added dropwise to a solution of bromopyrrole
acid 5-3 (0.15 g, 0.47 mmol) 1n anhydrous THF (3 mL) at
—-78° C. and mixture was stirred at same temperature for 1

h. A solution of aldehyde 5-4 (0.066 mL, 0.70 mmol) in THF
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(5 mL) was added dropwise and mixture was stirred at —78°
C. for 4 h. The mixture was quenched with water (30 mL)
at 0° C. and allowed to warm to room temperature. The
reaction mixture was diluted with water (30 mL ), neutralized
to pH 5-6 with 1M aqueous HCI and extracted with EtOAc
(3x50 mL). The combined organic layers were washed with
brine (25 mL), dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by reverse phase
combiflash column chromatography (C18: eluent: acetoni-
trile/water) to obtain amide 3-5.

tert-Butyl-4-chloro-2-[{(2S)-1-(4-(hydroxy(pyridin-
4-yDmethyl)-1-((2-(trimethyl silyl)ethoxy)methyl)-
1 H-pyrrole-2-carbonyl)pyrrolidine-2-
carboxamido } methyl]|benzylcarbamate (5-7)

The mixture of acid 3-5 (0.025 g, 0.072 mmol), amine 5-6
(0.026 g, 0.072 mmol), HATU (0.055 g, 0.144 mmol),
DIPEA (0.038 mL, 0.216 mmol) in DMF (2 mL) was stirred
at room temperature for 6 h. The reaction mixture was
diluted with EtOAc (50 mL) and washed with saturated
aqueous NaHCO; solution (20 mL), brine solution (2x20
mlL). The organic layer was separated, dried over anhydrous
Na,SO,, filtered and concentrated under redcued pressure.
The residue was purified by reverse phase combitlash col-
umn chromatography (C18; eluent: 10-100% acetonitrile/
water) to obtain amide 5-7.

(S)-tert-Butyl-4-chloro-2-[{ 1-(4-isonicotinoyl-1-((2-
(trimethylsilyl)ethoxy )methyl)-1H-pyrrole-2-carbo-
nyl)pyrrolidine-2-carboxamido } methyl]benzylcar-
bamate (3-8)

Dess-Martin Periodinane (0.067 g, 0.158 mmol) was
added 1n portions to a solution of alcohol 5-7 (0.10 g, 0.144
mmol) in CH,Cl, (2 mL) and mixture was stirred at room

temperature for 2 h. The reaction mixture was diluted with
CH,CIl, (20 mL), cooled to 0° C. and quenched with 5%

aqueous solutions of Na,SO; and NaHCO, (20mlL, 1:1) and
mixture was stirred at room temperature for 30 min. The
organic layer was separated and aqueous layer was extracted
with CH,Cl, (2x25 mL). The combined organic layers were
washed with water (25 mL), brine (25 mL), dned over
anhydrous Na,SQO,, filtered and concentrated under redcued
pressure. The residue was purified by reverse phase combi-
flash column chromatography (C18; eluent: 10-100%
acetonitrile/water) to obtain amide 5-8.

-chlorobenzyl}-1-(4-
nicotinoyl-1H-pyrrole-2-carbonyl) pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoroacetate) (5-9)

Trifluoro acetic acid (1.0 mL, 13.06 mmol) was added to

the solution of 5-8 (0.05 g, 0.07 mmol) in CH,Cl, (1 mL)

and reaction mixture was stirred at room temperature for 24
h. Volatile by-products were removed at reduced pressure
residue. The residue was purified by reverse phase combi-
flash column chromatography (C18; eluent: 10-100%
acetonitrile:water) to obtain 5-9. '"H NMR (MeOD-d,, 300
MH.,) (8) ppm: 8.74-8.72 (d, J=5.7 Hz, 2H), 7.73-7.71 (m,
2H), 7.56-7.24 (m, 5H), 4.51-4.39 (m, 2H), 4.38-4.23 (m,
3H), 3.97-3.93 (m, 2H), 2.30-1.92 (m, 4H).
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EXAMPLE 6

Preparation of (2S)-N-{2-(Aminomethyl)-5-chlo-

robenzyl}-1-[4-{hydroxyl(pyridine-4-yl)methyl } -

1H-pyrrole-2-carbonyl]pyrrolidine-2-carboxamide-
bi1s(2,2,2-trifluoroacetate) (6-2)

SEM

1. NH; in
MeOH
-
2. TFA.,
CH,Cl
6-1
Cl
OH (\
'_,,..-"""
N
(\ \ )/NH
N ‘ O NH»
N NI O 2TFA
6-2

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-{4-
hydroxy(pyridine-4-yl)methyl}-1-(hydroxymethyl)-
1H-pyrrole-2-(carbonyl)pyrrolidine-2-carboxamide-

b1s(2,2,2-trifluoroacetate (6-1)

Trifluoro acetic acid (0.30 mL, 3.91 mmol) was added to
the solution of boc-amine 5-7 (0.20 g, 0.28 mmol) 1n CH,CI,
(2 mL) and reaction mixture was stirred at room temperature
tor 2.5 h. The solvent and volatiles were removed at reduced
pressure and crude intermediate 6-1 was used 1n the next
step without purification.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-[4-
thydroxy(pyridine-4-yl)methyl } -1H-pyrrole-2-car-
bonyl]pyrrolidine-2-carboxamide (6-2)

A mixture of intermediate 6-1 (from above step) and NH,
solution (7N 1n methanol, 2 mL) was stirred at room
temperature for 1 h. The organic solvent was removed under
reduced pressure and water (10 mL) was added to the
mixture. The solid separated was filtered, washed with
hexanes, and dried under high vacuum. The solid was
dissolved in CH,CIl, (2 mL) and trifluoro acetic acid (0.3
ml) was added and mixture was stirred for 20 min. The
solvent and volatiles were removed under reduced pressure.
The residue purified by semi-preparative HPLC (C18; elu-
ent: 10-90% acetonitrile:water) to obtain 6-2. "H NMR

5

10

15

20

25

30

35

40

45

50

55

60

65

56
(MeOD-d,, 300 MH.) (6) ppm: 8.73-8.50 (m, 2H), 8.08-
7.90 (m, 2H), 7.62-7.35 (m, 3H), 7.15-6.85 (m, 1H), 6.58-
6.50 (m, 1H), 5.99-5.78 (m, 1H), 4.64-4.49 (m, 2H), 4.37-
4.28 (m, 3H), 3.88-3.67 (m, 2H), 2.24-1.93 (m, 4H).
EXAMPLE 7
hyl)-3-chlo-

robenzyl}-1-{4-(pyridin-4-ylmethyl)-1H-pyrrole-4-

carbonyl }pyrrolidine-2-carboxamide-bis(2,2,2-trif-
luoroacetate) (7-1)

Wk

6-2

Et3SlH

CILCL

Cl

NH,

SN N NH
(DK T

2’ THFA

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-
(pyridin-4-ylmethyl)-1H-pyrrole-2-
carbonyl}pyrrolidine-2-carboxamide-bis(2,2,2-trif-
luoroacetate) (7-1)

Trifluoro acetic acid (2.0 mL, 26.12 mmol) and Et;S1H
(0.10 mL, 0.64 mmol) was added dropwise to a solution of
6-2 (0.15 g, 0.216 mmol) in CH,Cl, (2 mL) and mixture was
stirred at room temperature for 14 h. The solvent and
volatiles were removed at reduced pressure residue. The
residue was purified by semi-preparative HPLC (column:
eluent: 10-90% acetonitrile:water) to obtain 7-1. "H NMR
(MeOD-d,, 300 MH_,,) (0) ppm: 8.63 (brs, 2H), 7.80 (brs,
2H), 7.46-7.39 (m, 3H), 6.93 (br. s, 1H), 6.68 (brs, 1H),
4.62-4.50 (m, 2H), 4.37-4.14 (m, SH),, 3.95-3.80 (m, 2H),
2.26-1.98 (m, 4H).

EXAMPLE 3

N-{2-(aminomethyl)-5-chlo-
robenzyl}-1-(4-nicotinoyl-1H-pyrrole-2-carbonyl)
pyrrolidine-2-carboxamide-bis(2,2,2-trifluoro acetate

(8-8)
Br
/ \ 1. n-Buli, THF, -78° C.
.

N COH 5 CHO

| I
SEM ‘

8-1 .
\N
8.2
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-continued

Cl
O
3-4

OH
NHBoc
\ \
| CO,H ) _
7 HATU, DIEA, DMF

N
\
SEM
8-3
Cl
OH
\ DMP
NHB -
N N\ 5y O ° CH,CL
SEM
8-5
Cl
O TFA
CILCL
‘ O NHBoc
N7 N O
\
SEM
8-6
Cl
1. NH; in
O MeOH
-
N N NT 2. TFA,
‘ N\ CH,Cl,
Z O NH,
N N> O 2TFA
HO
87
Cl
O <\
__,...-""
SRR N
z L O NH;
\N NH O 2TFA

8-8

4-{Hydroxyl(pyridine-3-yl)methyl } -1-[ { 2-(trimeth-
ylsilyl)ethoxy }methyl]-1H-pyrrole-2-carboxylic acid
(8-3)

A solution of n-BulL1 (1.6M solution 1n hexanes, 4.88 mL,
7.81 mmol) was added dropwise to a solution of 4-bromo-

1-[{2-(trimethylsilyl)ethoxy } methyl]-1H-pyrrole-2-carbox-
ylic acid 8-1 (1.0 g, 3.12 mmol) 1n anhydrous THF (5 mL)
at —=78° C. and mixture was stirred at same temperature for
1 h. A solution of aldehyde 8-2 (0.44 mL, 4.68 mmol) 1n
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THF (5 mL) was added dropwise and mixture was stirred at
—78° C. for 4 h. The mixture was quenched with water (30
ml.) at 0° C. and allowed to warm to room temperature. The
reaction mixture was diluted with water (30 mL ), neutralized
to pH 5-6 with 1M aqueous HCI and extracted with EtOAc
(3x50 mL). The combined organic layers were washed with

brine (25 mL), dried over anhydrous Na,SO,, filtered and
concentrated. The residue was purified by reverse phase

combiflash column chromatography (C18: eluent: acetoni-
trile/water) to obtain acid 8-3.

tert-Butyl-4-chloro-2-[{(2S)-1-[4-{hydroxy(pyri-
dine-3-yl)methyl }-1-{(2-(trimethyl silyl)
ethoxy }methyl } -1H-pyrrole-2-carbonyl]pyrrolidine-
2-carboxamido }methyl]benzylcarbamate (8-5)

The mixture of acid 8-3 (0.50 g, 1.44 mmol), amine 8-4
(0.53 g, 1.44 mmol), HATU (0.82 g, 2.15 mmol), DIPEA
(0.63 mL, 3.6 mmol) in DMF (10 mL) was stirred at room
temperature for 2 h. The reaction mixture was diluted with
EtOAc (100 mL) and washed with saturated aqueous
NaHCO, solution (50 mL), brine solution (2x25 mL). The
organic layer was separated, dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. The resi-
due was purified by reverse phase combitlash column chro-
matography (C18; eluent: 10-100% acetonitrile:water) to
obtain amide 8-5.

(S)-tert-Butyl-4-chloro-2-[{1-(4-nicotinoyl-1-[ { 2-(trim-
ethylsilyl)ethoxy }methyl]-1H-pyrrole-2-carbonyl)pyrroli-
dine-2-carboxamido} methyl]benzylcarbamate (8-6) Dess-
Martin Periodinane (0.067 g, 0.157 mmol) was added 1n
portions to a solution of alcohol 8-5 (0.10 g, 0.14 mmol) 1n
CH,CI, (8 mL) and reaction mixture was stirred at room
temperature for 2 h. The reaction mixture was diluted with
CH,CI, (50 mL), cooled to 0° C. and added quenched with
5% aqueous solutions of sodium thiosulphate and sodium
bicarbonate (30 mL, 1:1). The mixture was stirred at room
temperature for 30 min. The organic layer was separated and
aqueous layer was extracted with CH,Cl, (2x25 mL). The
combined organic layers were washed with water (25 mL),
brine (25 mL), dried over anhydrous Na,SO,, filtered and
concentrated under redcued pressure to obtain ketone 8-6.
The residue was used 1n the next step without further
purification.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{1-
(hydroxymethyl)-4-nicotinoyl-1H-pyrrole-2-
carbonyl}pyrrolidine-2-carboxamide-bis(2,2,2-trif-
luoroacetate) (8-7)

Trifluoro acetic acid (1.0 mL, 13.06 mmol) was added to
the solution of ketone 8-6 (0.098 g, 1.41 mmol) in CH,CI,
(1 mL) and reaction mixture was stirred at room temperature
for 48 h. The solvent and volatiles were removed at reduced
pressure residue. The residue was purified by reverse phase
combiflash column chromatography (C18; eluent: 10-100%
acetonitrile:water) to obtain amine 8-7.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(4-
nicotinoyl-1H-pyrrole-2-carbonyl) pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoroacetate) (8-8)

NH, solution (7N 1n MeOH, 2 ml.) was added dropwise
to a solution of intermediate 8-7 (0.08 g, 0.11 mmol) n
methanol (1.0 mL) at 0° C. The reaction mixture was
warmed to room temperature and stirred for 2 h. The solvent
and volatiles were removed and residue was purified by
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reverse phase combiflash column chromatography (C18;
cluent: 10-100% acetonitrile:water) to obtain pyrrole amine
(0.045 g, crude) as ofl-white solid.

Trifluoro acetic acid (0.023 mL, 0.30 mmol) was added to
a solution of above amine in CH,CIl, (1 mL) and mixture
was stirred at room temperature for 30 min. The solvent and
volatiles were removed under reduced pressure and residue
was purified by reverse phase combiflash column chroma-
tography (C18; eluent: 10-100% acetonitrile:water) to
obtain 8-8. "H NMR (MeOD-d,, 300 MH.)) (8) ppm: 8.94 (s,
1H), 8.75-8.74 (d, J=3.6 Hz, 1H), 8.35-8.17 (m, 1H), 7.677-
7.58 (m, 2H), 7.48-7.37 (m, 2H), 7.25 (s, 1H), 7.10-6.67 (m,
1H), 4.57-4.35 (m, 3H), 4.24 (brs, 2H), 3.98-3.94 (m, 2H),
2.42-1.93 (m, 4H).

EXAMPLE 9

Preparation of (2S)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-[4-{hydroxy(pyridine-3-yl} methyl]-1H-
pyrrole-2-carbonyl)pyrrolidine-2-carboxamide (9-2)

Cl
OH TFA
-
N ‘ \ N NH CH,Cly
P O NHBoc
N N O
SEM
8-5
L NI in
MeOH
(TN
OH solution)
e
N ‘ \ N NH
O NH>
N N O
> 2TFA
HO
9-1
Cl
OH
N
PN \ NH
\N/ NH O O 2
Q-2

(2S)-N-1{2-(Aminomethyl)-5-chlorobenzyl }-1-{4-
hydroxy(pyridine-3-yl)methyl}-1-(hydroxymethyl)-
1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-

b1s(2,2,2-trifluoroacetate (9-1)

Trifluoro acetic acid (1.0 mL, 13.06 mmol) was added to

the solution of 8-5 (0.30 g, 0.43 mmol) in CH,Cl, (1 mL)
and reaction mixture was stirred at room temperature for 14
h. The solvent and volatiles were removed at reduced
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pressure residue. The residue was purified by reverse phase
combiflash column chromatography (C18; eluent: 10-100%
acetonitrile:water) to obtain 9-1 as a white solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-[4-
thydroxy(pyridine-3-yl)methyl } -1H-pyrrole-2-car-
bonyl]pyrrolidine-2-carboxamide (9-2)

NH, solution (7N 1n MeOH, 3 ml.) was added dropwise
to a solution of intermediate 8 (0.12 g, 0.24 mmol) 1n
methanol (1.0 mL) at 0° C. The reaction mixture was
warmed to room temperature and stirred for 2 h. The solvent
and volatiles were removed and residue was purified by
reverse phase semi preparative HPLC (C18; eluent:
10-100% acetonitrile/water) to obtain pyrrole amine 9-2. 'H
NMR (MeOD-d,, 400 MH_,) (0) ppm: 8.72-8.20 (m, 2H),
7.98-7.60 (m, 1H), 7.39-7.11 (m, 5H), 6.98-6.70 (m, 1H),
6.62-5.81 (m, 1H), 4.50-4.42 (m, 2H), 4.18-4.02 (m, 3H),
3.90-3.71 (m, 2H), 2.30-1.89 (m, 4H).

EXAMPLE

10

Preparation of (S)—N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(4-picolinoyl-1H-pyrrole-2-carbonyl)
pyrrolidine-2-carboxamide-bis(2,2,2-trifluoro acetate
(10-7)

Cl

Br

#,...-—"""
O

10-2
‘ HA'TU, DIEA, DMF

NE

30¢

SEM
10-1
Cl
Br N 1. n-Bul.i, THF,
\ NH 78° C.
‘ O NHBoc p) CHOF
N\ O ' ‘ AN
SEM
2N
10-4
Cl
NH DMP,
CH-CI,
0O NHBoc -




US 9,469,608 B2

61

-continued
Cl
N NH
TFA
-
Y O NHBoc CH,Cl,
10-6
Cl
O (\
N
\ \ NH

N NI O V

2 TFA

10-7

(S)-tert-Butyl-2-[{ 1-(4-bromo-1-((2-(trimethylsilyl)
cthoxy)methyl)-1H-pyrrole-2-carbonyl)pyrrolidine-

2-carboxamido }methyl]-4-chlorobenzylcarbamate
(10-3)

A mixture of acid 10-1 (0.87 g, 2.72 mmol), amine 10-2
(1.0 g, 2.72 mmol), HATU (1.35 g, 4.9 mmol), DIPEA (1.20
mlL, 6.80 mmol) 1n DMF (5 mL) was stirred at room
temperature for 2 h. The reaction mixture was diluted with
EtOAc (100 mL) and washed with saturated aqueous
NaHCO; solution (30 mL), brine solution (2x25 mL). The
organic layer was separated, dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. The resi-
due was purified by reverse phase combiflash column chro-
matography (C18; eluent: 10-100% acetonitrile/water) to
obtain amide 10-3 as pale yellow solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(4-(hydroxy(pyridin-
2-yDmethyl)-1-((2-(trimethyl silyl)ethoxy)methyl)-
1H-pyrrole-2-carbonyl)pyrrolidine-2-
carboxamido }methyl]benzylcarbamate (10-5)

A solution of n-Bul.i (1.6M 1n hexanes, 0.70 mL, 1.12
mmol) was added dropwise to a solution of bromopyrrole
10-3 (0.50 g, 0.75 mmol) 1n anhydrous THF (5 mL) at —78°

C. and mixture was stirred at same temperature for 1 h. A
solution of aldehyde 10-4 (0.107 g, 1.12 mmol) 1n THF (5
ml.) was added dropwise and mixture was stirred at —78° C.
for 4 h. The mixture was quenched with water (30 mL) at 0°
C. and allowed to warm to room temperature. The reaction
mixture was diluted with water (30 mL), neutralized to pH
5-6 with 1M aqueous HCI and extracted with EtOAc (3x350
ml). The combined organic layers were washed with brine
(25 mL), dried over anhydrous Na,SQO,, filtered and con-
centrated. The residue was purified by reverse phase com-
biflash column chromatography (C18: eluent: 10-100%
acetonitrile/water) to obtain amide 10-5 as pale yellow solid.

(S)-tert-Butyl-4-chloro-2-[{1-(4-picolinoyl-1-{(2-
(trimethylsilyl)ethoxy } methyl)-1H-pyrrole-2-carbo-
nyl)pyrrolidine-2-carboxamido } methyl]benzylcar-
bamate (10-6)

Dess Martin periodinane (0.053 g, 0.126 mmol) was
added 1n potion to a solution of 10-5 (0.08 g, 0.115 mmol)
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in CH,CI, (5 mL) and mixture was stirred at room tempera-
ture for 2 h. The reaction mixture was diluted with CH,Cl,
(50 mL), cooled to 0° C. and quenched with 3% aqueous
solutions of sodium thiosulphate and sodium bicarbonate
(50 mL, 1:1). The reaction mixture was stirred at room
temperature for 30 min. The organic layer was separated and
aqueous layer was extracted with CH,Cl, (2x30 mL). The
combined organic layers were washed with water (50 mL),
brine (25 mL), dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure to obtain amide 10-6 as
pale yellow solid.

-chlorobenzyl}-1-(4-
picolinoyl-1H-pyrrole-2-carbonyl) pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoroacetate) (10-7)

Trifluoro acetic acid (2.0 mL, 26.10 mmol) was added to
a solution 01 10-6 (0.07 g, 0.10 mmol) in CH,Cl, (2 mL) and
reaction mixture was stirred at room temperature for 2 h. The
solvent and volatiles were removed at reduced pressure
residue and residue was purified by reverse phase combi-
flash column chromatography (C18 cluent: 10-100%
acetonitrile:water) to obtain 10-7. "H NMR (MeOD-d,,, 400
MH.) (0) ppm: 8.71-8.70 (d, J=4.0 Hz, 1H), 8.20 (brs, 1H),
8.05-8.0 (m, 2H), 7.62-7.58 (m, 1H), 7.47-7.40 (m, 3H),
7.22-6.94 (m, 1H), 4.57-4.51 (m, 2H), 4.38-4.34 (d, J=15.2
Hz, 1H), 4.29-4.25 (m, 2H), 4.03-3.97 (m, 2H), 2.28-1.95
(m, 4H).

EXAMPL.

(L]

11

Preparation of (25)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-[4-{hydroxyl(pyridine-2-yl)methyl } -
1H-pyrrole-2-carbonyl]pyrrolidine-2-carboxamide

(11-2)
N é CH2C12
O slele
10-5
NH3 n
MeOH
(7N
solution)
-
O
«2TFA
HO
11-1
Cl
OH

\:pf#,bﬁl

- z\/7

11-2
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(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-[4-
thydroxyl(pyridine-2-yl)methyl) }-1-(hydroxylm-

cthyl)-1H-pyrrole-2-carbonyl]pyrrolidine-2-carbox-
amide-bis(2,2,2-trifluoroacetate) (11-1)

Trifluoro acetic acid (1.0 mL, 13.06 mmol) was added to
the solution of 10-5 (0.58 g, 0.83 mmol) 1n CH,Cl, (1 mL)
and reaction mixture was stirred at room temperature for 14
h. The solvent and volatiles were removed at reduced

pressure residue and residue was purified by reverse phase
combitlash column chromatography (C18; eluent: 10-100%
acetonitrile/water) to obtain 11-1 as a white solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-[4-
Thydroxyl(pyridin-2-yl)methyl }-1H-pyrrole-2-car-
bonyl|pyrrolidine-2-carboxamide (11-2)

A solution of NH; (7N 1n MeOH; 5 ml) was added
dropwise to a solution of 11-1 (0.52 g, 0.71 mmol) 1n
methanol (1 mL) and reaction mixture was warmed to room
temperature and further stirred for 1 h at same temperature.
The solvent was removed at reduced pressure and residue
was purified by reverse phase semi-preparative HPLC (C18;
eluent: 10-100% acetonitrile/water) to obtain 11-2. "H NMR
(MeOD-d,, 300 MH.,) (0) ppm: 8.46-8.45 (d, J=4.2 Hz, 1H),
7.90-7.85 (m, 1H), 7.66-7.30 (m, 5SH), 6.88-6.70 (m, 2H),
5.91-5.30 (m, 1H), 4.51-4.22 (m, 5H), 3.86-3.77 (m, 2H),
2.24-1.85 (m, 4H).

EXAMPL.

L1

12

N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-{4-(pyridin-2-ylmethyl)-1H-pyrrole-2-
carbonyl}pyrrolidine-2-carboxamide-bis(2,2,2-trif-

luoroacetate) (12-1)

Cl
Et,SiH,
TFA
N
NH CH.CL,
O NH;
O

11-2

Cl

/\(\ \ g)/NH
‘\/N %@ 0 T
«JTFA

12-1

(S)—N-{2-(aminomethyl)-5-chlorobenzyl}-1-{4-
(pyridin-2-ylmethyl)-1H-pyrrole-2-
carbonyl }pyrrolidine-2-carboxamide-bis(2,2,2-trif-
luoroacetate) (12-1)

Trifluoro acetic acid (1.0 mL, 13.06 mmol) and Et;S1H
(0.08 mL, 0.51 mmol) was added to a solution of 11-2 (0.08
g, 0.17 mmol) in CH,Cl, (2 mL) and mixture was stirred at
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X ‘ \ NH CHLCL
NHBoc
N 5 Y
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room temperature for 14 h. The solvent and volatiles were
removed at reduced pressure residue and residue was puri-
fied by reverse phase combiflash column chromatography
(C18; eluent: 10-100% acetonitrile:water) to obtain 12-1. 'H
NMR (MeOD-d,, 300 MH_,) (0) ppm: 8.62-8.60 (m, 1H),
8.36-8.25 (m, 1H), 7.79-7.39 (m, SH), 6.94-6.64 (m, 2H),
4.50-4.22 (m, 7H), 3.88-3.80 (m, 2H), 2.25-1.85 (m, 4H).

EXAMPLE 13

Preparation of (S) -5-chlo-

robenzyl)-1-{4-(pyridin-4-yl)-1H-pyrrole-2-carbo-

nyl) pyrrolidine-2-carboxamide-bis(2,2,2-trifluoro-
acetate) (13-10)

Br
/ \ SEM—C], NaH
-
CO,Me DMFE
H
13-1
Br
/ \ 2N NaOH, EtOH
T COLE reflux g
SEM
13-2
Br (j)/ ;

NHBoc

/ 13-4

=
N CO,H HATU, DIPEA, DMEF, rt
SEM
13-3
B(OH),
Cl
A
S
N
13-6
Br N NH o
‘ AN aq Na,COs,
K NHBoc  Pd(PPhy)y
N\ O dioxane, mw,
SEM 120° C.
15 mins
13-5
Cl

13-7
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-continued
Cl
NH,
. in
N ‘ MeOH
(7/N)
\ \ N NH -
‘ NH
N> Y Y oTEA :
HO
13-8
Cl
N ‘
TEA
N -
X ‘ \ NH CILCL
NH
NH H O 2
13-9
Cl
N/\‘
‘ O NH
NH O .
) TFA
13-10

Ethyl-4-bromo-1-{(2-trimethylsilyl)ethoxy } methyl-1H-
pyrrole-2-carboxylate (13-2) A solution of Methyl-4-bromo-
1H-pyrrole-2-carboxylate 13-1 (5.0 g, 24.50 mmol) in DMF

(5 mL) was added dropwise to the suspension of NaH (1.87
g, 49.01 mmol) in DMF (30 mL) at 0° C. and mixture was
stirred for 30 min. Thereafter, SEM-C] (4.76 mL, 26.96
mmol) was added and mixture was stirred at room tempera-
ture for 14 h. The mixture was quenched with 1ce-water (50
ml) and extracted with EtOAc (3x100 mL). The combined
organic extract was washed with water (100 mL), brine (50
ml) and dried over Na,SO,, filtered, and evaporated under
reduced pressure. The residue was purified by reverse phase
combiflash column chromatography (C18; eluent: 10-100%

acetonitrile/water) to obtain SEM protected pyrrole ester
13-2.

4-Bromo-1-{(2-(trimethylsilyl )ethoxy)methyl }-1H-
pyrrole-2-carboxylic acid (13-3)

A solution of NaOH (2.0 g, 52.39 mmol) i water (10 mL)
was added dropwise to a solution of pyrrole ester 13-2 (3.5
g, 10.47 mmol) in ethanol (30 mL) and mixture was heated
to reflux for 6 h. The solvent was removed at reduced
pressure, residue was diluted with water (50 mL) and
washed with MTBE (25 mL). The aqueous layer was
acidified with 1IN aqueous HCI (10 mL) to pH 3 and
extracted with EtOAc (3x100 mL). The combined organic
extract were washed with brine solution (25 mL), dried over
anhydrous Na,SO,, filtered and concentrated to provide acid

13-3.
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(S)-tert-Butyl-[2-[{1-(4-bromo-1-[{2-(trimethylsily])
ethoxy } methyl]-1H-pyrrole-2-carbonyl }pyrrolidine-

2-carboxamido |methyl]-4-chlorobenzylcarbamate
(13-5)

DIPEA (4.5 mL, 25.78 mmol) was added dropwise to the
mixture of acid 13-3 (3.3 g, 10.31 mmol), amine 13-4 (3.78,
10.31) and HATU (3.8 g, 15.46 mmol) in DMF (30 mL) at

0° C., and mixture was stirred at room temperature 4 h. The
reaction mixture was diluted with EtOAc (100 mL) and
washed with saturated aqueous NaHCO, solution (50 mL),
brine solution (2x50 mL). The organic layer was separated,
dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by reverse
phase combiflash column chromatography (C18; eluent:
10-100% acetonitrile/water) to obtain amide 13-5.

(S)-tert-Butyl-4-chloro-2-[[1-{4-(pyridin-4-y1)-1-
[{2-(trimethylsilyl)ethoxy } methyl]-1H-pyrrole-2-
carbonyl } pyrrolidine-2-carboxamido|methyl|benzyl-
carbamate (13-7)

A mixture of 13-5 (0.37 g, 0.55 mmol), 4-pyridyl boronic
acid 13-6 (0.13 g, 1.10 mmol), Pd(PPh;), (0.12 g, 0.11
mmol) and aqueous Na,CO, (0.29 g, 2.76 mmol) n
degassed 1,4-dioxane (10 mL), was heated 1n microwave at
120° C. for about 15 min. The reaction mixture was diluted
with H,O (10 mL) extracted with EtOAc (2x20 mL). The
combined organic layers were washed with brine (2x10
mlL), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The residue was purified by
combiflash column chromatography (silica gel; eluent:

MeOH/CH,CI,) to obtain intermediate 13-7.

(S)—N-(2-(aminomethyl)-5-chlorobenzyl)-1-(1-
(hydroxymethyl)-4-(pyridin-4-yl1)-1H-pyrrole-2-
carbonyl)pyrrolidine-2-carboxamide (13-8)

A 50% solution of TFA mn CH,Cl, (2 mL) was added to
the solution of 13-7 (0.12 g, 0.18 mmol) 1n CH,Cl, (1 mL)
and mixture was stirred at room temperature for 16 h. The
solvent and volatiles were removed at reduced pressure to
provide 13-8.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-
(pyridin-4-y1)-1H-pyrrole-2-carbonyl }pyrrolidine-2-
carboxamide (13-9)

A mixture of 13-8 (0.12 g, 0.18 mmol) and 7N solution of
ammonia 1n methanol (2 mL) was stirred at room tempera-
ture for 2 h. The solvent was removed under reduced
pressure and the residue was purified by combitlash column
chromatography (silica gel; eluent: 6% MeOH, 2% NH_OH,
CH,Cl,) to obtain 13-9.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-
(pyridin-4-yl1}-1H-pyrrole-2-carbonyl } pyrrolidine-2-
carboxamide (13-10)

A mixture of Tnfluoro acetic acid (0.0056 mlL, 0.07
mmol) and mntermediate 13-9 (16 mg, 0.03 mmol) and 1n
CH,CI, (1 mL) was stirred at room temperature for 20 min.
The solvent was removed under reduced pressure and resi-
due was triturated with diethyl ether (3 mL), filtered to
obtain 13-10. '"H NMR (MeOD-d,, 400 MH,) (8) ppm:
8.58-8.57 (d, 2H), 8.19-8.17 (d, 2H), 7.95 (s, 1H), 7.55-7.40
(m, 4H), 4.58-4.54 (d, 1H), 4.36-4.38 (d, 2H), 4.29-4.27 (d,
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), 4.06-0.99 (m, 2H), 2.31-2.28 (m, 1H), 2.19-2.16 (m,
), 2.14-2.07 (m, 1H), 1.95-2.01 (m, 1H).

EXAMPL.

(L]

14

5
N-{2-(Aminomethyl)-5-chlo-
robenzyl }-1-{4-(pyridin-3-yl)-1H-pyrrole-2-
carbonyl }pyrrolidine-2-carboxamide bis(2,2,2-trif-
luoroacetate) (14-5) 10
B(OH), y
X
Cl
/ N
14-1 . 90
B aqd N5,2CO3, Pd(PPh3)4
rm}l NH dioxane, mw, 120° C.
N O O NHBoc 15 mins.
\
13-5 2
Cl
N
~
‘ TFA 30
. \ N NH CH»Cl»
‘ N Y O NHBoc
\
SEM 35
14-2
% r‘¢ NH; in MeOH (7N) 40
O oTFA NHBoc
HO
45
14-3
Cl
N
~ 1FA _ 50
‘ CH,Cl,
X \ N NH
NH 5 N
14-4 55
Cl
N
Z T\
‘ 60
\/\[\ Nﬁ)/NH
‘ / < NH
NH \O O 2
2IFA (5

14-5

63
(S)-tert-Butyl-4-chloro-2-[1-{4-(pyridin-3-y1)-1-{(2-
(trimethylsilyl)ethoxy } methyl]-1H-pyrrole-2-carbo-
nyl)pyrrolidine-2-carboxamido )methyl)benzylcar-
bamate (14-2)

A mixture of bromopyrrole 13-5 (0.40 g, 0.59 mmol),
3-pyridyl boronic acid 14-1 (0.14 g, 1.19 mmol) and aque-
ous Na,CO, (0.31 g, 2.99 mmol) and Pd(PPh,), (0.13 g, 0.11
mmol 1n 1,4-dioxane (5 mL, degassed) was heated at 120°
C. 1n microwave for 15 min. The reaction mixture was
diluted with water (20 mL) extracted with EtOAc (2x50
mL). The combined organic layers were washed with brine
solution (2x20 mL), dried over anhydrous Na,SO,, filtered
and concentrated under reduced pressure. The residue was
purified by combiflash column chromatography (silica gel;
eluent: MeOH/CH,CIl,) to obtain intermediate 14-2 as pale
yellow solid.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-11-

(hydroxymethyl)-4-(pyridin-3-yl)-1H-pyrrole-2-
carbonyl) pyrrolidine-2-carboxamide (14-3)

A 50% solution of TFA mn CH,Cl, (4 mL) was added
dropwise to a solution of Boc-amine 14-2 (0.14 g, 0.20
mmol) i CH,Cl, (1 mL) and mixture was stirred at room
temperature for 3 h. The solvent and volatiles were removed
at reduced pressure to provide amine 14-3 as off-white solid.

N-{2-(Aminomethyl)-5-chlorobenzyl }-1-{4-
(pyridin-3-yl)-1H-pyrrole-2-carbonyl }pyrrolidine-2-
carboxamide (14-4)

A mixture of intermediate 14-3 (0.120 g, 0.25 mmol) and
ammonia solution (7N solution in methanol; 2 mL) was
stirred at room temperature for 2 h. The solvent and volatiles
were removed at reduced pressure and residue was purified
by combitlash column chromatography (silica gel: eluent:

MeOH, CH,Cl,, NH,OH) to obtain intermediate 14-4 as
ofl-white solid.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-
(pyridin-3-yl)-1H-pyrrole-2-carbonyl }pyrrolidine-2-
carboxamide (14-5)

Trifluoro acetic acid (0.005 mL, 0.07 mmol) was added

dropwise to a solution of mtermediate 14-4 (0.016 g, 0.03
mmol) in CH,Cl, and mixture was at room temperature for
20 min. The solvent and volatiles were removed at reduced
pressure, residue was stirred with diethyl ether (3 mL) for 5
min and filtered to obtain 14-5. '"H NMR (MeOD-d.,, 400
MH_) (0) ppm: 9.03 (s, 1H), 8.64-8.62 (d, 1H), 8.53-8.52 (d,
1H), 7.85-30 (m, 6H), 4.57-4.54 (d, 2H), 4.36-4.38 (d, 2H),
4.29-4.2°7 (d, 2H), 4.04-4.01 (m, 2H), 2.32-2.27 (m, 1H),

2.16-2.08 (m, 1H), 2.13-2.00 (m, 1H), 1.99-1.94 (m, 1H).
EXAMPLE 15

N-[{2-(Aminomethyl)-5-chlo-

robenzyl}-1-{4-(pyridin-2-yl)-1H-pyrrole-2-carbo-

nyl}|pyrrolidine-2-carboxamide bis (2,2,2-trifluoro-
acetate) (15-8)

Br

/

N
H

Boc anhydride
THE, EtzsN, DMAP

;_an

CO,Me

15-1
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-continued
SnBuj

PN
A

15-3
-
COMe  pqPPhy),, 1,4-dioxane

Br

\
SN
BDG/N

15-2

/
/

N CO,Me

/

Boc
15-4

g %r@

\

N NaOH, EtOH

-

C

/ \ 15-6
T
N COH HATU, THF, Et;N
15-5
Cl
= TFA
y
‘ CH,Cl,
. N NH
N ‘ N\
NHBoc
NH 5 Y
15-7
Cl
/ ‘
N N
N ‘ \ NH
O NH
NI O °
2TFA
15-8

1 -tert-Butyl-2-methyl-4-bromo-1H-pyrrole-1,2-d1-
carboxylate (13-2)

A solution of Boc anhydride (0.83 g, 3.82 mmol) in THF
(3 mL) was added dropwise to the mixture of pyrrole 15-1
(0.65 g, 3.18 mmol), Et;N (0.9 mL, 6.37 mmol) and DMAP
(0.039 g, 0.31 mmol) in THF (5 mL) at 0° C. and mixture
was stirred at room temperature for 16 h. The reaction was
quenched by saturated aqueous NH,Cl solution (50 mL) and
extracted with ethyl acetate (2x50 mlL). The combined
organic extract was washed with water (30 mL), brine (30
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mlL), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The residue was purified by
column chromatography (silica gel: eluent: 0-50% EtOAc/
hexanes) to obtain Boc pyrrole 135-2 as colorless o1l.

1-tert-Butyl-2-methyl 4-(pyridin-2-yl)-1H-pyrrole-1,
2-dicarboxylate (15-4)

2-(Tributylstannyl)pyridine 15-3 (0.31 g, 0.723 mmol)
and triethyl amine (0.18 mL, 1.32 mmol) was added to the
degassed solution of bromo pyrrole 15-2 (0.2 g, 0.66 mmol)
in 1,4 dioxane (2 mL). Pd(PPh,), (0.15 g, 0.13 mmol) was
added to the mixture and reaction mixture was subjected to
microwave irradiation at 120° C. for 1 h. The reaction
mixture was diluted with water (25 mL) and extracted with
EtOAc (2x50 mL). The combined organic layers was
washed with brine (20 mL), dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. The resi-
due was purified by column chromatography (silica gel;
cluent: 0-30% EtOAc/hexanes) to obtain 15-4 as hygro-
scopic off-white solid.

4-(Pyridin-2-yl)-1H-pyrrole-2-carboxylic acid
(15-5)

A solution of NaOH (0.046 g, 1.16 mmol) in water (1 mL)

was added dropwise to a stirred solution of 15-4 (0.07 g,
0.23 mmol) in ethanol (2 mL) and reaction mixture was
heated at 80° C. for 16 h. The mixture was cooled to room
temperature and organic solvent was removed under reduced
pressure. The residue was dissolved i water (10 mL),
acidified with 1% aqueous citric acid solution to pH 4, and
extracted with ethyl acetate (7x20 ml). The combined
organic extract was dried over anhydrous Na,SO,, filtered
and concentrated under reduced pressure to obtain acid 15-5
as ofl-white solid.

(S)-tert-Butyl-4-chloro-2-[{1-{4-(pyridin-2-y1)-1H-
pyrrole-2-carbonyl }pyrrolidine-2-
carboxamido }methyl]benzylcarbamate (15-7)

Triethyl amine (0.1 mL, 0.34 mmol) was added to the
stirred solution of acid 15-5 (0.06 g, 0.32 mmol) amine 15-6
(0.23 g, 0.64 mmol) and HATU (0.13 g, 0.35 mmol) in THF
(5 mL) and mixture was stirred at room temperature for 16
h. The reaction was quenched with 1% aqueous citric acid
solution (20 mL) and extracted with ethyl acetate (2x30
ml.). The combined organic extract was washed with satu-
rated NaHCO, solution (20 mL), water (20 mL) and brine
(20 mL). The organic layer was dried over anhydrous
Na,SO,, filtered and concentrated under reduced pressure.
The residue was purified by reverse phase column chroma-
tography (C18; eluent: 10-80% acetonitrile/water) to obtain
amide 15-7 as off-white solid.

(S)—N-[{2-(aminomethyl)-5-chlorobenzyl }-1-{4-
(pyridin-2-yl)-1H-pyrrole-2-carbonyl} |pyrrolidine-
2-carboxamide (15-8)

A mixture of amide 15-7 (0.05 g, 0.10 mmol), trifluoro-
acetic acid (0.2 mL, 2.61 mmol) in CH,Cl, (2 mL) was
stirred at room temperature for 1 h. The solvent and volatiles
were removed at reduced pressure and triturated with diethyl
cther. The solid was dissolved in water (3 mL) and
lyophilized to obtain 15-8. "H NMR (MeOD-d,, 400 MH.)
(0) ppm: 8.55-8.56 (d, J=5.6 Hz, 1H), 8.31-8.35 (dd, J=7.6
Hz, J=7.2 Hz, 1H), 8.19-8.20 (d, J=8.0 Hz, 1H), 7.91 (s, 1H),
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7.62-7.65 (1, 1=6.8 Hz, 1H), 7.49 (s, 2H), 7.38-7.44 (m, 2
4.53-4.59 (m, 2H), 4.34-4.38 (d, I=8.0 Hz, 1H), 4.25 (s, 2
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),

),

3.92-4.08 (m, 2H), 2.26-2.33 (m, 1H), 2.06-2.21 (m, 2H),

1.88-2.01 (m, 1H).

EXAM.

Preparation of (S)

Pl

(L]

16

robenzyl }-1-{(S)-2-(hydroxymethyl)-3,3-
dimethylbutanoyl } pyrrolidine-2-carboxamide-2,2,2-

trifluoroacetate (16-9)

T K

CHa

CH;

N-{2-(aminomethyl)-5-chlo-

- 0O CH;
N
X 16-2
O -
> DMAP, Et;N
/ )
16-1
o N
0
16-4
o
R N TiCl,, DIPEA.
‘ >:O CH,Cl,
\/ O
16-3
HO
H,0,, LiOH, KOH
i=-
W,afﬁkhabf,f"i\hw::::
\/
Cl
H
N~ /‘ ;
~1 E NHBoc
O
HO - 0O _
e 16-7 _
HATU, THF, Et;N
OH
16-6
Cl
A-.=/ TFA, CH,Cl
2 H
HO\/'\[rN N -
0O 0
NHBoc

16-8
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-continued
Cl

\

/

HO\/\H/N
0 O

*IFA NI,

16-9

(R)-4-Benzyl-3-(3,3-dimethylbutanoyl)oxazolidin-2-
one (16-3)

A solution of tert-butylacetyl chloride 16-2 (4.3 ml, 0.031
mol) 1n THF (25 ml) was added dropwise to a mixture of
Benzyl-2-oxazolidinone 16-1 (5.0 g, 0.028 mol), triethyl-
amine (8.7 ml, 0.062 mol) and DMAP (0.34 g, 0.0028 mol)
in THF (25 ml) at 0° C. and the mixture was stirred at room
temperature for 1 h. The reaction was quenched by water
(100 mL) and extracted with EtOAc (3x100 mlL). The
combined organic extract was washed with 2M aqueous HCI
(2x50 mL), water (2x100 mL), brine solution (100 mL),
dried over Na,SO, and concentrated under reduced pressure.
The residue was purified by column chromatography (silica
gel; eluent: EtOAc/hexanes 10-80%) to obtain 16-3 as a

white solid.

(R)-4-Benzyl-3-{(S)-2-(hydroxymethyl)-3,3-
dimethylbutanoyl }oxazolidin-2-one (16-5)

Titanium tetrachloride (4.8 g, 0.025 mol) was added drop
wise to the solution of imide 16-3 (6.6 g, 0.024 mol) n
CH,CI, (75 ml) at 0° C. and the mixture was stirred for 20
min. Thereaiter, DIPEA (8.35 ml, 0.048 mmol) was added

drop wise at 0° C. followed by addition of benzyl chlorom-
cthyl ether 16-4 (6.6 ml, 0.048 mol) after 5 min and mixture

was stirred for 4 h. Reaction was quenched with saturated
aqueous NH_,Cl solution (25 mL) and extracted with CHCI,
(3x100 mL). The combined organic layer washed with water
(2x100 mL), brine (50 mL) and dried over anhydrous
Na,SO,, filtered and concentrated under reduced pressure.

The residue was purified column chromatography (silica gel;
cluent: 10-90% EtOAc/hexanes) to protected hydroxyl acid
16-5 as off-white solid.

(S)-2-(Hydroxymethyl)-3,3-dimethylbutanoic acid
(16-6)

A 30% aqueous hydrogen peroxide (0.6 ml, 5.38 mmol)
and lithtum hydroxide (0.064 g, 2.69 mmol) was added to
the solution of 1mide 16-5 (0.82 g, 2.69 mmol) 1n mixture of
THF/water (3:1, 4 mL) at 0° C. and the mixture was stirred
at room temperature for 16 h. Then aqueous potassium
hydroxide solution (0.15 g 1n 0.75 ml water) was added and
the mixture was heated under reflux for 3 h. Reaction
mixture was cooled to room temperature, quenched with
10% aqueous sodium sulphite solution (20 ml) and washed
with CH,Cl, (2x100 mL). The aqueous layer was acidified
to pH 2 using 1M aqueous HCI and extracted with chloro-
form (3x100 mL). The combined organic layer washed with
water (2x100 mL) and brine (50 mL) and dried over
anhydrous Na,SQO,, filtered and concentrated under reduced
pressure to hydroxyl acid 16-6 as off-white solid.
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tert-Butyl-4-chloro-2-[{(S)-14(S)-2-(hydroxym-
cthyl)-3,3-dimethylbutanoyl)pyrrolidine-2-
carboxamido }methyl|benzylcarbamate (16-8)

Triethylamine (0.23 ml, 1.64 mmol) was added dropwise
to the solution of acid 16-6 (0.08 g, 0.55 mmol), amine 16-7
(0.21 g, 0.55 mmol) and HATU (0.23 g, 0.603 mmol) in THF
(5 ml) and mixture was stirred at room temperature for 16 h.
The reaction was quenched by 1% aqueous citric acid

5

solution (10 mL), diluted with water (50 mL) and extracted 0

with EtOAc (3x30 mL). The combined organic extract was
washed with saturated aqueous NaHCO, solution (2x350
mlL), brine (50 mL), dnied over anhydrous Na,SO,, filtered
and concentrated under reduced pressure. The residue was
purified by reverse phase column chromatography to give
obtain 16-8 as off-white solid.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{(S)-
2-(hydroxymethyl)-3,3-
dimethylbutanoyl } pyrrolidine-2-carboxamide (16-9)

Trifluoroacetic acid (0.3 mL, 3.91 mmol) was added to the
solution of Boc protected amine 16-8 (0.11 g, 0.22 mmol) 1n
CH,CL, (1 mL), and reaction mixture was stirred at room
temperature for 1 h. The solvent and volatiles were removed
at reduced pressure and residue was dried under high
vacuum. The crude product was purified by reverse phase
combiflash column chromatography (C18; eluent: acetoni-

trile:water) to obtain 16-9. "H NMR (MeOD-d,, 400 MHz)
(0) ppm: 7.35-7.46 (m, 3H), 4.33-4.46 (m, 3H), 4.19-4.27
(dd, J=13.6 Hz, J=3.6 Hz, 2H), 3.65-3.89 (im, 4H), 2.79-2.83
(dd, J=10.4, J=4.4 Hz, 1H), 2.19-2.24 (m, 1H), 1.93-2.01
(3H, m), 0.99 (9H, s).

EXAMPL.

(L]

17

Preparation of (S)—N-{5-Chloro-2-(hydroxym-
ethyl)benzyl}-1-{(R)-2-hydroxy-3,3-
dimethylbutanoyl } pyrrolidine-2-carboxamide (17-5)

HO
OH

O
17-2

EDC-HCI, HOBt
DIPEA

-

HCI
OCH;

17-1
Cl

X
F

H,N

OH
N 17-4

r o
O O Et;N, CH,Cl,
O
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-continued
Cl
-/ ~
HO\/'\”/ N N\/ \
O O
OH
17-5

(3R,8aS)-3-(tert-Butyl)-tetrahydro-1H-pyrrolo[2,1-c]
[1,4]oxazine-1,4(3H)-dione (17-3)

A mixture of (S)-methyl pyrrolidine-2-carboxylate hydro-
chloride 17-1 (0.25 g, 1.51 mmol), (R)-2-hydroxy-3,3-dim-
cthylbutanoic acid 17-2 (0.22 g, 1.66 mmol), EDCI.HCI
(0.37 g, 1.96 mmol) and HOBt (0.20 g, 1.51 mmol) and Et;N
(0.42 mL, 3.02 mmol) in DMF (3 mL) was stirred under
nitrogen at room temperature for 1 h. The reaction mixture
was diluted with water (5 mL) and extracted with EtOAc
(2x25 mL). The combined organic layer was washed with
brine (20 mL), dried over Na,SO, and concentrated under
reduced pressure and the residue was purified by reverse
phase flash chromatography (silica gel; eluent: 0%-50%
EtOAc/hexanes) to afford lactone 17-3 as light yellow solid.

(S)—N-{5-Chloro-2-(hydroxymethyl)benzyl }-1-
{(R)-2-hydroxy-3,3-dimethyl butanoyl }pyrrolidine-
2-carboxamide (17-5)

Amine 17-4 (0.17 g, 1.02 mmol) was added to the mixture
of lactone 17-3 (0.18 g, 0.85 mmol) and Et;N (3 mL) 1n
CH,Cl, (3 mL) and mixture was stirred under nitrogen at
room temperature for 48 h. The reaction was quenched with

water (5 mL) and extracted with CH,Cl, (3x350 mL). The
combined organic layer was washed with brine (15 mL),
dried over Na,SO, and concentrated under reduced pressure.
The residue was purified by reverse phase flash chromatog-
raphy (C18; eluent: 10%-40% acetonitrile:water) to afford
17-5. '"H NMR (DMSO-d,, 400 MH_) (8) ppm: 8.27-8.45
(m, 1H), 7.26-7.39 (m, 3H), 5.18-5.20 (t, J=8.0 Hz, 1H),
4.64-4.66 (d, I=8.0 Hz, 1H), 4.50-4.55 (m, 2H), 4.26-4.33
(m, 3H), 3.89-3.91 (d, J=8.0 Hz, 1H), 3.63-3.70 (m, 2H),
1.74-2.07 (m, 4H), 0.92 (s, 9H).

EXAMPLE 18

Preparation of (5)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(6-0x0-1,6-dihydropyridine-2-carbonyl)
pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate
(18-4)

Cl

NH

doc

18-2
HATU, DMF

18-1
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-continued
Cl
N H
/ \ N TFA
CH.CL,
N O O
\
O H
NHBoc
18-3
Cl
PN
/ \ \ 3 |
A O
O
\H 0 \NHz
TEA

18-4

(S)-tert-Butyl-4-chloro-2-[{1-(6-0x0-1,6-dihydro-
pyridine-2-carbonyl) pyrrolidine-2-
carboxamido }methyl]benzylcarbamate (18-3)

The mixture of acid 18-1 (39.8 mg, 0.28 mmol), amine
18-2 (0.10 g, 0.28 mmol), HATU (0.11 g, 0.30 mmol) and
Et.N (0.1 mL, 0.82 mmol) in DMF (2 mlL) was stirred at
room temperature for 2 h. The reaction mixture was
quenched with water (20 mL) and extracted with EtOAc
(3x25 mL). The combined organic extracts was washed with
aqueous saturated NaHCO, solution (20 mL) and 1N aque-

ous HCl (20 mL), brine solution (20 mL), dned over
anhydrous Na,SO,, filtered and concentrated under reduced

pressure. The residue was purified by silica gel column
chromatography (eluent: 70% EtOAc/hexanes) to get amide
18-3 as a light brown solid.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(6-
0x0-1,6-dihydropyridine-2-carbonyl) pyrrolidine-2-

carboxamide-2,2,2-trifluoroacetate (18-4)

Trifluoroacetic acid (50% solution in CH,Cl,, 2 mL) was

added to Boc protected amine 18-3 (75.0 mg, 0.15 mmol) 1n
CH,CI1, (1 mL) and reaction was stirred at 0° C. for 2 h. The
reaction mixture was concentrated under reduced pressure
and residue by reverse phase combiflash chromatography
(C18; 10-100% acetonitrile/water) to get 18-4. 'H NMR
(MeOD-d,, 400 MHz) (6) ppm: 7.12-7.67 (m, 4H), 6.34
6.80 (m, 2H), 4.63-4.67 (d, J=16 Hz, 1H), 4.46-4.49 (t, J=12
Hz, 1H), 4.18-4.33 (m, 3H), 3.69-3.79 (m, 2H), 2.30-2.36
(m, 1H), 1.92-2.09 (m, 3H).
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EXAMPLE

19

Preparation of (28)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(5-hydroxy-6,7-dihydro-5H-cyclopenta
[b]pyridine-5-carbonyl }pyrrolidine-2-carboxamide-
2,2, 2-trifluoroacetate (19-4)

HN
O NH
Cl
k/\/
BocHN ‘ /
V4 19-2
COOH -
EDC, HOBt
— DIPEA, DME

Cl
TEFA
-
NH CH,Cl»
O
BocHN
19-3
N
NH
O

LN

Cl

*[FA

19-4

tert-Butyl-4-chloro-2-[{(2S)-1-(5-hydroxy-6,7-di-
hydro-3H-cyclopenta| b]pyridine-5-carbonyl)pyrroli-
dine-2-carboxamido }methyl]benzylcarbamate (19-3)

A mixture of acid 19-1* (0.40 g, 2.2 mmol), amine 19-2
(0.82 g, 2.2 mmol), EDC (0.85 g, 4.4 mmol) and HOBt (0.30
g 2.2 mmol) in DMF (10 mL) was stirred at room tempera-
ture for 16 h. The mixture was diluted with water (30 mL)
and extracted with EtOAc (3x20 mlL). The combined
organic extract was washed with water (2x30 mL), brine (30
ml.), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The residue was purified by
reverse phase combitlash (C18: 10-100% acetonitrile/water)
to obtain amide 19-3 as white solid.
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(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(5-
hydroxy-6,7-dihydro-5H-cyclopenta[b]pyridine-3-
carbonyl)pyrrolidine-2-carboxamide-2,2,2-trifluoro-
acetate (19-4)

A 50% solution of TFA (5 mL) was added to the solution

of amide 19-3 (0.12 g, 0.22 mmol) mn CH,CI, (1 mL) and
reaction mixture was stirred at room temperature for 3 h. The

solvent was removed at reduced pressure and residue was
azeotroped with toluene (2x20 mL) and purified by reverse
phase combitlash (C18; 30% acetonitrile/water) to provide
19-4 as white solid. '"H NMR (MeOD, 300 MH,) (8) ppm
(mixture of diastereomers): 8.59 (s, 1H), 7.33-8.21 (m, SH),
4.52-4.68 (m, 1H), 4.39-4.49 (m, 2H), 4.19-4.34 (m, 3H),

3.90-4.19 (m, 1H), 3.70-3.76 (m, 1H), 3.14-3.25 (m, 1H),
2.69-2.88 (m, 1H), 2.16-2.54 (m, 2H), 1.81-2.17 (m, 4H).

*Acid 19-1 was prepared according to procedure
described 1 Example 26.

EXAMPL.

(Ll

20
Preparation of (25)-N-(2-(Aminomethyl)-5-chlo-
robenzyl)-1-(7-hydroxy-6,7-dihydro-5H-cyclopenta

[b]pyridine-7-carbonyl)pyrrolidine-2-carboxamide-
bi1s(2,2,2-trifluoroacetate) (20-8)

N benzaldehyde,
/ \ acetic anhydride
-
170° C.

Ph

\ RuCl3*3H,0, oxone, NaHCOx
-

CH3CN/water, rt, 1 h

20-2
O TMSO
N
/ \ TMSCN,
< NMO conc. HCI
-
- CH2C12 CH;COOH
1t, overnight
HN
O NH
Cl
\\ /\ 7
CO,H ‘
/

Bo CHN\/\/
20-6
-
< PyBrop, CH,Cl,, Et;N
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Cl
N
/ \ NI TFA
CH-Cl,
—=N OH O O
BocHN
20-7
Cl
NH
O
H,N
«)TEA
20-8

(E)-7-Benzylidene-6,7-dihydro-5SH-cyclopenta[b]
pyridine (20-2)

The mixture 2,3-cyclopenteno pyridine 20-1 (5.0 g, 42.01
mmol), benzaldehyde (6.75 mL, 63.86 mmol) and acetic
anhydride (8 mL) was refluxed at 170° C. for 15 h under
nitrogen. The solvent and volatile byproduct were removed
at reduced pressure and the residue was purified by flash
chromatography (silica gel; 0-5% EtOAc/hexanes) to aflord
alkene 20-2 as brown solid.

SH-Cyclopenta|b|pyridin-7(6H)-one (20-3)

A solution of RuCl,.H,O (0.264 g, 1.014 mmol) 1n
CH,CN/water (15 mL; 1:2) was added to the stirred solution
of alkene 20-2 (6.0 g, 28.98 mmol) in CH,CN (450 mL).
Thereatfter, a mixture of oxone (26.7 g, 43.47 mmol) and
NaHCO, (0.373 g, 4.44 mmol) was added 1n portions over
a period of 15 min. Reaction mixture was stirred at room
temperature for 1 h. The mixture was quenched by saturated
Na,SO; solution (200 mL) and extracted with CH,CI,
(2x250 mL). The combined organic layers were washed
with water (200 mL), brine (200 mL) and dried over
anhydrous Na,50,, filtered and concentrated under reduced
pressure to aflord ketone 20-3 as light green solid.

7-{(Trimethylsilyl)oxy }-6,7-dihydro-5H-cyclopenta
[b]pyridine-7-carbonitrile (20-4)

NMO (0.66 g, 5.63 mmol) and TMSCN (3.7 mL, 28.16
mmol) was added to the solution of ketone 20-3 (2.5 g, 18.77
mmol) i CH,Cl, (25 mL) and mixture was stirred at room
temperature for 1 h. The reaction was quenched with satu-
rated aqueous NH_Cl1 solution (20 mL) and extracted with
CH,Cl, (2x50 mL). The combined organic layers were
washed with water (50 mL), brine (50 mL) and dried over
Na,SQ,, filtered and concentrate at reduced pressure. The
residue was purified by flash chromatography (silica gel;
cluent: 0-10% EtOAc/hexanes) to aflord TMS protected

cyanohydrin 20-4 as colorless oil.

7-Hydroxy-6,7-dihydro-5H-cyclopenta[b]pyridine-7-
carboxylic acid (20-5)

To a stirred solution of cyanohydrin 20-4 (0.5 g, 2.15
mmol) n AcOH (1 mL), was added conc. HCI (1.5 mL) and
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mixture was stirred at room temperature for 16 h. The
solvent and volatiles were removed at reduced pressure and
residue was azeotroped with toluene (15 mL). The crude
solid was washed with EtOAc (15 mL) and CH,CL, (15 mL)

to aflord acid hydroxyl acid 20-5 as white hygroscopic solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(7-hydroxy-6,7-di-
hydro-SH-cyclopenta| b]pyridine-7-carbonyl)pyrroli-
dine-2-carboxamido }methyl|benzylcarbamate (20-7)

PyBrOP (0.508 g, 1.089 mmol) was added in portions to
the mixture of amine 20-6 (0.2 g, 0.544 mmol), acid 20-5
(0.23 g, 1.089 mmol), and triethyl amine (0.45 mL, 3.269
mmol) in CH,Cl, (5 mL) at 0° C. The mixture was stirred at

room temperature for 2 h at room temperature. The reaction
was quenched with aqueous saturated NaHCO, solution (20
ml.) and extracted with CH,Cl, (2x20 mL). The combined
organic layers were washed with water (15 mL), brine (15
ml.) and drnied over anhydrous Na,SO,, filtered amd con-
centrate at reduced pressure. The residue was purnified by
reverse phase flash chromatography (C18; eluent: 10%-40%

water/acetonitrile) to afford Boc protected amide 20-7 as
white solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(7-
hydroxy-6,7-dihydro-5H-cyclopenta[b]pyridine-7-
carbonyl } pyrrolidine-2-carboxamide-bis-2,2,2-trif-

luoroacetate (20-8)

A 50% solution of TFA 1n CH,CL, (2 mL) was added to
the solution of Boc protected amine 20-7 (0.07 g, 0.163
mmol) in CH,Cl, (1 mL) and reaction mixture was stirred
under at room temperature for 1 h. The solvent and volatiles
were removed at reduced pressure and the residue was
azeotroped with toluene (5 mL). The solid was washed with
cther (2x5 mL), filtered and dried under high vacuum to
afford 20-8. 'H NMR (MeOD-d,, 300 MHz) (8) ppm: 8.51
(d, =5.1 Hz, 1H), 8.08 (d, J=7.81 Hz, 1H), 7.36-7.61 (m,
3H), 4.32-4.51 (m, 3H), 4.13-4.29 (m, 3H), 3.52-3.60 (m,
1H), 3.17-3.23 (m, 1H), 2.98-3.11 (m, 1H), 2.80-2.89 (m,
1H), 2.34-2.41 (m, 1H), 2.19-2.25 (m, 2H), 1.81-2.04 (m,
3H).

EXAMPL.

L1

21

Preparation of (2S)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(1,3-dihydroisobenzofuran-1-carbonyl)
pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate
(21-6)

n-BuLi, THF, -78° C.
EtOCOCI, -78° C. to 1t

-

/ N

- LiOH

5/H,0, 1t

OFt TE

\N‘O

21-2
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-continued
HN
O NH
Cl
*\h\hﬂff’
BocHN #f,f'
21-4
OH -
EDC, HOBt
CH,Cl,, 1t
O PASE L
O
21-3
Cl
N :
NI CH,Cl»,0° C.
\\O
O O NHBoc
21-5
Cl
N
NH
O
O O NHQ‘TFA
21-6

Ethyl-1,3-dihydroisobenzofuran-1-carboxylate
(21-2)

A 2M solution of n-Bul.1 in cyclohexane (10 mL, 20.0
mmol) was added to a stirred solution of 1,3-dihydroisoben-
zoluran 21-1 (2.0 g, 16.7 mmol) 1n anhydrous THF (50 mL)
at —78° C. and reaction mixture was stirred at same tem-
perature for 2 h. Ethylchloroformate (3.2 mL, 33.4 mmol)
was added dropwise to the mixture. The reaction was slowly
allowed to warm to room temperature over a period of 15 h
and was quenched with water (20 mL). The solvent was
removed under reduced pressure and the residue was
extracted with EtOAc (3x50 mL). The organic layer was

washed with brine solution (50 mL), dried over anhydrous
Na,SQO,, filtered and concentrated under reduced pressure.
The residue was purified by column chromatography (silica:
cluent: 15% EtOAc/Hexanes) to provide ester 21-2 as yel-
low o1l.

1,3-Dihydroisobenzofuran-1-carboxylic acid (21-3)

A solution of L1IOH*H,O (0.72 g, 18.48 mmol) in water (3
ml.) was added to the solution of ester 21-2 (0.71 g, 3.70
mmol) in THF (3 mL) and MeOH (2 mL) at 0° C. and
reaction mixture was stirred at room temperature for 16 h.
Solvent was removed at reduced pressure and obtained
residue was dissolved 1n water (10 mL) and acidified with
2M aqueous HCl to pH 4-5. The aqueous layer was extracted
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with EtOAc (3x20 mL). The combined organic layer was
dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by reverse
phase combiflash chromatography (C18; 10-100% acetoni-
trile/water) to get acid 21-3 as a pale yellow solid.

tert-Butyl-4-chloro-2-[{(25)-1-(1,3-dihydroisobenzo-
turan-1-carbonyl)pyrrolidine-2-
carboxamido } methyl]benzylcarbamate (21-5)

Amine 21-4 (0.33 g, 0.91 mmol) was added to a solution
ofacid 21-3 (0.15 g, 0.91 mmol), EDCI (0.34 g, 1.82 mmol),
HOBt (0.24 g, 1.82 mmol), and DIPEA (0.30 mL, 1.82
mmol) 1n CH,Cl, (2 mL) at 0° C. and the reaction mixture
was stirred for 3 h at room temperature. The reaction mixture
was diluted with CH,Cl, (20 mL), washed with saturated
NaHCO, solution (20 mL) and 0.5M aqueous HCI (10 mL)
successively. The organic layer was separated and washed
with brine solution (10 mL), dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. The resi-
due was purified by column chromatography (silica gel;
50% EtOAc/hexanes) to get amide 21-5 as pale yellow semi

solid.

(25)-N-(2-(Aminomethyl)-5-chlorobenzyl)-1-(1,3-
dihydroisobenzofuran-1-carbonyl)pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate (21-6)

A 50% solution of trifluoroacetic acid (4 mL) was added
to the solution of Boc protected amine 21-5 (0.22 g, 0.42
mmol) in CH,CI, (1 mL) and mixture was stirred at 0° C. for
30 min. The reaction mixture was concentrated under
reduced pressure and residue was triturated with diethyl
ether to afford amine salt 21-6. "HNMR (DMSO-d,, 1:1
mixture of diasterecomers, 400 MHz) (0) ppm: 8.57-8.52 (m,
1H), 8.17 (bs, 3H), 7.45-7.27 (m, 7H), 5.88-5.87 (m, 1H),
5.22-5.07 (m, 2H), 4.41-4.25 (m, 3H), 4.18-4.07 (m, 2H),
3.88-3.60 (m, 2H), 2.13-2.08 (m, 1H), 2.03-1.89 (m, 2H),
1.81-1.68 (m, 1H).

EXAMPL.

L1

22
(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(2,2-
dioxido-1,3-dihydrobenzo[a]thiophene-1-carbonyl)

pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate-2,
2,2-trifluoroacetate (22-10)

CH;

0) 2222
-
Znl, CH,ClI
HS\/K e
O

22-1

OH

CH,

=4 ‘ 0) m-CPBA
-
CH.Cl
\/S\/K o
0O

22-3
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32

-continued

p-toluensulfonyl
azide
o e

O > EuN, BtOH

-

. O LIOH

THF, CH,OH
O L
CH;

water
22-6
Cl
HN
NH
O NHBo

\\o 22-8

HOBT, EDC-HCI
DIPEA, DMF

c

22-7
Cl

TFA

N CH.Cl
NH 212

30¢

O NH

22-9

Cl
N
NH
S
O O JFA V2

22-10

Ethyl-2-(benzylthio)acetate (22-3)

A mixture of ethyl mercaptoacetate 22-1 (3.64 mlL, 33.28
mmol), benzyl alcohol 22-2 (1.72 mL, 16.64 mmol), and
Znl, (2.12 g, 6.65 mmol) in CH,Cl, (20 mL) was heated
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under reflux for 3 h. The reaction mixture was diluted with
CH,CL, (80 mL), washed with water (3x50 mL), brine (50
mlL.), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure to obtain 22-3 as a colorless
o1l.

Ethyl-2-(benzylsultonyl)acetate (22-4)

To a solution of 22-3 (0.20 g, 0.95 mmol) in CH,CI, (5
ml.) was added m-CPBA (0.41 g, 2.38 mmol) at 0° C. The
reaction mixture was warmed to room temperature and
stirred for 14 h. The solvent was removed under reduced
pressure and residue was dissolved i EtOAc (25 mL),
washed with 10% aqueous solution of Na,SO, (2x20 mL),
saturated solution of NaHCO, (2x20 mL), brine solution (20
mlL.), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The residue was by purified
by combaiflash column chromatography (silica gel: 0-20%
EtOAc/hexanes) to obtain sulfone 22-4 as off-white solid.

Ethyl-2-(benzylsulionyl)-2-diazoacetate (22-5)

A mixture of sulfone 22-4 (0.13 g, 0.55 mmol), p-toluene
sulfonylazide (0.12 g, 0.60 mmol), and triethyl amine (0.15
ml, 1.1 mmol) mn EtOH (3 mL) was stirred at room
temperature for 3 h. The solvent was removed under reduced
pressure, residue was dissolved in EtOAc (25 mL) and
washed with 5% aqueous NaOH solution (2x20 mL), water
(2x20 mL), brine solution (20 mL). The organic layer was
dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by com-
biflash column chromatography (silica gel: 0-25% CH,Cl,/
MeOH) to obtain diazoacetate 22-5 as oif white solid.

Ethyl-1,3-dihydrobenzo[a]thiophene-1-carboxylate-
2,2-dioxide (22-6)

Rhodium acetate (0.005 g, 0.01 mmol) was added to a
solution of diazoacetate 5 (0.058 g, 0.216 mmol) in CH,(C1,
(2 mL) and mixture was stirred at room temperature for 2 h.
The reaction mixture was filtered through pad of celite and
washed with CH,Cl, (2x25 mL). The filtrate was concen-
trated under reduced pressure and residue was purified by
combitlash column chromatography (silica gel; 0-30%
EtOAc/hexanes) to obtain dihydrobenzo|a]thiophene 22-6
as ofl white solid.

1,3-Dihydrobenzo[a]thiophene-1-carboxylicacid-2,2-
dioxide (22-7)

A solution of L1OH*H,O (7 mg, 0.31 mmol) in water (0.5
ml.) was added to a solution of intermediate 22-6 (0.025 g,
0.10 mmol) n THF/MeOH (1 mL, 3:2) was added and
stirred at room temperature for 14 h. The solvent was
removed under reduced pressure, mixture was diluted with
water (10 mL). The aqueous solution was washed with
MTBE (10 mL), acidified with 2M aqueous HCI to pH 4-5
and extracted with EtOAc (3x25 mlL). The combined
organic layer was dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by reverse phase combiflash chromatography (C18;
10-100% acetonitrile/water) to provide acid 22-7.

tert-Butyl-4-chloro-2-[{(2S)-1-(2,2-dioxido-1,3-
dihydrobenzo[ a]thiophene-1-carbonyl)pyrrolidine-2-
carboxamido } methyl]benzylcarbamate (22-9)

A mixture of acid 7 (0.04 g, 0.19 mmol), amine 22-8
(0.076 g, 0.21 mmol), HOBT (0.025 g, 0.19 mmol),
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EDC<HCI1 (0.108 g, 0.56 mmol) and DIPEA (0.065 mL, 0.38
mmol) i anhydrous DMF (3 mL) was stirred under nitrogen
at room temperature for 16 h. The reaction mixture was
quenched with water (10 mL), diluted with EtOAc (25 mL)
and washed with saturated NaHCO, aqueous solution (25
mlL), brine solution (25 mL). The organic layer was sepa-
rated, dried over anhydrous Na,SQO,, filtered and concen-
trated. The residue was purified by combitlash column
chromatography (silica gel; eluent: 0-20% EtOAc/hexanes
to obtain amide 22-9.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(2,2-
dioxido-1,3-dihydrobenzo[a]thiophene-1-carbonyl)
pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate
2,2, 2-trifluoroacetate (22-10)

Trifluoro acetic acid (0.50 mL, 6.50 mmol) was added to
a solution of 22-9 (0.045 g, 0.08 mmol) in CH,Cl, (1 mL)
and reaction mixture was stirred at room temperature for 2
h. The solvent and volatiles were removed under reduced
pressure and the residue was purified by reverse phase
combitlash column chromatography (C18; eluent: 10-100%
acetonitrile/water) to obtain 22-10.

'H NMR (MeOD-d,, 400 MH.) (&) ppm: 7.51 (1H, s),
7.47-7.51 (d, J=16 Hz, 2H), 7.35-7.45 (m, 4H), 4.37-4.54
(m, SH), 4.21-4.22 (d, J=4 Hz, 2H), 3.66-3.71 (m, 2H),
3.18-3.20 (d, J=8.0 Hz, 1H), 2.24-2.27 (m, 1H), 1.94-2.04
(m, 3H).

EXAMPL.

L1

23

Preparation of (28)-N-{2-(Aminomethyl)-5-chlo-
robenzyl }-1-(isoindoline-1-carbonyl)pyrrolidine-2-
carboxamide bis(2,2,2-trifluoroacetate) (23-4)

COOH

N\

N—DBoc

~/
/ 23-2 _

HATU, DIPEA, DMF
it, 2 h

Cl

\ / TFA, CH,Cl,
-

NHBoc
< rt, 5 h

S
_= Cl
Sy ey
/ 7N\ _/
~/ y

NH, 2TFA

/
“:‘"N
\
B

OC

30¢

23-4
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tert-Butyl-1-[(8)-2-{(2-[{ (tert-butoxycarbonyl)
amino tmethyl]-5-chlorobenzyl)
carbamoyl }pyrrolidine-1-carbonyl]isoindoline-2-
carboxylate (23-2)

A mixture of acid 23-2 (1.0 g, 3.8 mmol), amine 23-1
(1.39 g, 3.8 mmol), HATU (2.9 g, 7.6 mmol), DIPEA (2 mL,
11.4 mL) i anhydrous DMF (25 ml) was stirred under
nitrogen at room temperature for 2 h. The reaction mixture
was diluted with EtOAc (100 mL) and washed with satu-
rated aqueous NaHCO, solution (2x50 mL), brine solution
(100 mL). The organic layer was separated, dried over
anhydrous Na,SQO,, filtered and concentrated under reduced
pressure. The residue was purified by reverse phase combi-
flash column chromatography (C18; eluent: 10-100%
acetonitrile:water) to afford amide 23-3.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(isoin-
doline-1-carbonyl) pyrrolidine-2-carboxamide bis
(2,2,2-trifluoroacetate) (23-4)

Trifluoro acetic acid (8 mL, 104 mmol) was added to the
solution of amide 23-3 (1.8 g, 2.94 mmol) in CH,CI, (20
ml.), and reaction mixture was stirred at room temperature
tor 5 h. The volatiles were removed at reduced pressure and
residue was purified by reverse phase combitlash column
chromatography (C18; eluent: 10-100% acetonitrile:water)
to obtain polar diastereomer 23-4a and non polar diaste-

reomer 23-4b.
23-4a: 'H NMR (DMSO-d,, 400 MH.,) (o) ppm: 10.10-

8.01 (m, 5H), 7.55-7.25 (m, 7H), 5.86 (s, 1H), 4.73-4.52 (m,
3H), 4.37-4.29 (m, 2H), 4.03 (s, 2H), 3.95-3.85 (m, 2H),
2.24-1.86 (m, 4H).

23-4b: 'H NMR (MeOD-d,,, 400 ML) (8) ppm: 7.49-
7.39 (m, 7H), 5.95 (s, 1H), 4.78 (s, 1H), 4.66 (dd, J=28.4, 14
Hz, 2H), 4.44 (dd, I=8.4, 4.4 Hz, 1H), 4.37 (d, I=15.2 Hz,
1H), 4.24 (s, 2H), 4.03 (1, J=6.4 Hz, 2H), 2.41-2.36 (m, 1H),
2.19-2.15 (m, 2H), 2.05-1.99 (m, 1H).

EXAMPLE 24

L1

Preparation of (2S)-N-{2-(Aminomethyl)-5-chlo-

robenzyl}-1-(2,3-dihydrobenzofuran-3-carbonyl)

pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate
(24-8)

O
/OH DVOH

=X
24-2
ee-
/ N DIAD, PPh;
I THF
24-1
O
O\/<I
\ |
n-Bul.i
THFEF/hexane (8:2)
P :
24-3
OH
PN
‘ 2% CI‘Og, HSIOE,
-
\/\O acetinitrile
24-4
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-continued
Cl
NH
O NH
OH
O NH;
24-6
.
EDC, HOBt, DMF
O
24-5
Cl
TEFA
CHLCL,
N
NH
O
O O NH,;
24-7
Cl
N
NH
O
O 0O NH, TFA

24-8

2-{(2-iodophenoxy)methyl }oxirane (24-3)

DIAD (2.18 mL, 11 mmol) was added dropwise to a
solution of Iodophenol 24-1 (2.20 g, 10 mmol), epoxide 24-2
(0.82 g, 11 mmol), and PPh, (2.90 g, 11 mmol) in THF (20
mlL) at 0° C. and reaction mixture was stirred at room
temperature for 5 h. The mixture was diluted with water (30
ml.) and extracted with EtOAc (3x30 mL). The combined
organic extract was washed with brine solution (100 mlL)
and concentrated under reduced pressure. The residue was
purified by combiflash (silica gel: 10% EtOAc/hexanes) to
provide oxirane 24-3 yellow oil.

(2,3-Dihydrobenzoturan-3-yl)methanol (24-4)

A 2M solution of n-Bul.1 in THF (0.76 mL, 1.5 mmol)
was added dropwise to the solution of oxirane 24-3 (0.28 g,
1.01 mmol) in THF (8 mL) at -90° C. and the reaction
mixture was warmed to room temperature over a period of
2 h. The mixture was stirred at room temperature for 1 h and
quenched with water (50 mL) and extracted with EtOAc
(3x30 mL). The combined organic extract was washed with
brine (30 mL), dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by combiflash (silica gel: 30-40% EtOAc/Hexanes) to

provide alcohol 24-4 as colorless oil.
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2,3-Dihydrobenzofuran-3-carboxylic acid (24-5)

Chromium trioxide (2.5 mg, 2 mol %) and H.IO, (0.58 g,

2.6 mmol) were dissolved in MeCN (8 mL) by vigorous
stirring at room temperature 15 min. The solution was
delivered via syringe into the pre-cooled solution of the
alcohol 24-4 (0.20 g, 1.3 mmol) 1n CH,Cl, (10 mL) at 0° C.
over a period of 10 min and stirred at room temperature for
6 h. The reaction was quenched with water (30 mL) and
aqueous layer was washed with EtOAc (2x30 mL), acidified
with 1N HCI and extracted with EtOAc (3x30 mL). The
combined organic extract was dried over anhydrous
Na,SQO,, filtered and concentrated. The residue was purified
by reverse phase combitlash (C18: 10-100% acetonitrile
water) to provide acid 24-5 as ofl white solid.

tert-Butyl-4-chloro-2-[ {(2S)-1-(2,3-dihydrobenzo-
turan-3-carbonyl)pyrrolidine-2-
carboxamido }methyl|benzylcarbamate (24-7)

A mixture of acid 5 (0.30 g, 1.8 mmol), amine 24-6 (0.67
g, 1.8 mmol), EDC (1.05 g, 5.4 mmol) and HOBt (0.24 g, 1.8
mmol) i DMF (10 mL) was stirred at room temperature for
16 h. The mixture was diluted with water (20 mL) and
extracted with EtOAc (3x20 mL). The combined organic
extract was washed with water (2x30 mL), brine (30 mL),
dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by reverse

phase combiflash (C18: 10-100% acetonitrile/water) to
obtain amide 24-7 as white solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(2,3-
dihydrobenzofuran-3-carbonyl)pyrrolidine-2-carbox-
amide-2,2,2-trifluoroacetate (24-8)

A 350% solution of TFA 1 CH,Cl, (5 mL) was added to
the solution of amide 7 (0.20 g, 0.38 mmol) mm CH,CI, (1
ml.) and reaction mixture was stirred at room temperature
for 3 h. The solvent was removed under reduced pressure
and residue was azeotroped with toluene (2x20 mL) and
purified by reverse phase combiflash (C18; 30% acetonitrile/
water) to provide 24-8. 'H NMR (MeOD, 400 MH.) (9)
ppm (mixture of diastereomers): 7.45-7.34 (m, 3H), 7.20-
7.10 (m, 2H), 6.86-6.73 (m, 2H), 4.70-4.63 (m, 3H), 4.49-
4.24 (m, 3H), 4.18 (d, J=4 Hz, 2H), 3.96-3.91 (m, 1H),
3.93-3.78 (m, 1H), 2.32-1.93 (m, 4H).

EXAMPL.

(Ll

235

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(indo-
line-3-carbonyl)pyrrolidine-2-carboxamide bis(2,2,
2-trifluoroacetate) (25-5)

HO
0O
N . Na, n-BuOLL, 120° C.
AN -
‘ 1. Boc,O, aq.NaHCO3, THF
\/"“"-.. N
H

25-1
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-continued
HN
O NH
Cl
\ /
HO
O BocHN .
25-3
Je--
HATU, DIEA, DMF
N
\
Boc
25-2
Cl
TEA
.l
N - CH,CL
N
BDG/ O O NHBoc
25-4

Cl

N
NH
HN
O () NH2
o) TFA
25-5

1 -(tert-Butoxycarbonyl indoline-3-carboxylic acid
(25-2)

Freshly cut pieces of sodium (3.80 g, 165 mmol) were
added to the solution of 1H-indole-3-carboxylic acid 25-1
(2.00 g, 12.4 mmol) 1n n-BuOH (60 mL) at 70° C. over a
period of 1 h and the resulting mixture was retluxed at 125°
C. for 2 h under nitrogen. The reaction mixture was cooled
to room temperature and quenched by the careful addition of
ice cold water (100 mL). The organic solvent removed under
reduced pressure and mixture was diluted with water (20
ml). The aqueous layer was acidified to pH 2-3 with 2M
HC1 and washed with CH,Cl, (2x100 mL). The aqueous
layer was basified to pH 9-10 with aqueous NaHCO,
solution. Then a solution of Boc anhydnide (4.02 g, 18.1
mmol) in THF (50 mL) was added dropwise and the reaction
mixture was stirred at room temperature for 15 h. THF was
evaporated under reduced pressure and aqueous layer was
washed with MTBE (2x100 mL). The aqueous layer acidi-
fied to pH 3-4 with saturated KHSO, solution, and extracted
with EtOAc (2x100 mL). The combined organic layers were
washed with brine (100 mL), dried over anhydrous Na,SO,
and concentrated to afford boc protected indoline-3-carbox-
ylic acid 25-2 as a brown hygroscopic solid:
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tert-Butyl 3-{(S)-2-{(2-[{(tert-butoxycarbonyl)
amino tmethyl]-5-chlorobenzyl)
carbamoyl }pyrrolidine-1-carbonyl }indoline-1-car-
boxylate (25-4)

A mixture of amine 25-3 (0.25 g, 0.69 mmol), acid 25-2
(0.21 g, 0.81 mmol), HATU (0.79 g, 2.09 mmol) and DIPEA
(0.36 mL, 2.09 mmol) in DMF (10 mL) was stirred under
nitrogen for 3 h at room temperature. The reaction was
diluted with water (40 mL) and extracted with EtOAc (3x20
mL). The combined organic layers were washed with water
(2x100 mL), brine (30 mL), dried over anhydrous Na,SO,_,
and concentrated under reduced pressure. The residue was

purified by reverse phase combitlash chromatography (C18,
2:3 H,O/CH,CN) to aflord amide 25-4.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(indo-
line-3-carbonyl)pyrrolidine-2-carboxamide bis(2,2,
2-trifluoroacetate) (25-5)

A 50% solution of TFA 1n CH,Cl, (8 mL) was added to
the solution of amide 25-4 (0.15 g, 0.24 mmol) 1n CH,CI,
(2 mL) and reaction mixture was stirred under nitrogen for
2 h. The solvent was removed under reduced pressure and
the residue was azeotroped with toluene (2x10 mL). A

hygroscopic solid was dissolved 1n 1:1 acetonitrile/water (4
mL) and lyophilized for 24 h to obtain 25-5. '"H NMR (300

MHz, MeOD) 8 7.48-7.27 (m, 5H), 7.24-7.10 (m, 2H), 4.73
(quat, ] =8.4 Hz, 1H), 4.58-4.42 (m, 1H), 4.42-4.26 (m, 2H),
4.18 (d, 1=18.0, 2H), 4.05-3.81 (m, 4H), 2.40-1.91 (m, 4H).

EXAMPL.

(Ll

26

Preparation of (2S)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(5-hydroxy-6,7-dihydro-5SH-cyclopenta
[b]pyridine-5-carbonyl } azetidine-2-carboxamide
b1s(2,2,2-trifluoroacetate) (26-12)

\ CrO3, AcOH
/4 -
H>50,, 0° C.
26-1
/ TMSCN, NMO
\ CH->Cl,
-‘-'"l-l-_
N
\ CN  AcOH _ \ CO>H
—— HCl —
OTMS OH
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CH2C12
/ \
CO>H
K>CO;
HN -
dioxane/H,0O (3:1)
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-continued
Cl

H,N

BocHN

26-8
N T
y EDC, HOBt, DMF

Fmoc CO»H

26-7
Cl
N H
/ES/N
Fmoc
O
NE

doc

piperidine

i
CH,Cl,

26-9

HN H
N 4
-
EDC, HOBt
0

30¢

Cl

\

TFA
-
CILCL,

/

2 TFA
26-12

6,7-Dihydro-5H-cyclopenta|b]pyridin-5-one (26-2)

To a solution of 6,7-dihydro-5H-[1]pyrindine 26-1 (12.5
g, 104.9 mmol) in AcOH (50 mL) and H,SO,, (10 mL) was
added CrO, (18.50 g, 0.19 mol) dissolved in mixture of
H,O/HOAc (36 mL, 1:5) at 0° C. and the resulting mixture
was stirred overnight at room temperature. The reaction
mixture was cooled to 0° C. and basified with NH,OH to pH
11. The mixture was extracted with CHCI, (3x250 mL), and
the combined organic extracts were washed with H,O

(3x100 brine (1x200 mL), dried over anhydrous Na,SO,
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and concentrated. The residue was purified by column
chromatography (silica gel; 60% EtOAc/hexanes) to provide
ketone 26-2 as brown oil.

S>-Hydroxy-6,7-dihydro-SH-cyclopenta[b]pyridine-3-
carbonitrile (26-3)

NMO (0.44 g, 0.37 mmol) and TMSCN (7.5 mmol) was
added to a solution of ketone 26-2 (1.00 g, 7.5 mmol) 1n
CH,CL, (5 mL) and the reaction mixture was stirred at room
temperature for 16 h. The solvent was removed under

reduced pressure and residue was purified by column chro-
matography (silica gel; eluent EtOAc/hexanes) to provide
cyanohydrin 26-3 as oil.

S>-Hydroxy-6,7-dihydro-SH-cyclopenta[b]pyridine-3-
carboxylic acid (26-4)

To a stirred solution of cyanohydrin 26-3 (1.34 g, 5.776
mmol) in AcOH (3 mL), was added conc. HCI (5 mL) and
reaction mixture was stirred at room temperature for 16 h.
The solvent was removed under reduced pressure and the
residue was azeotroped with toluene (2x135 mL) and washed

with EtOAc and CH,Cl, to afford acid 26-4 as ofl white
solid.

(S)-1-[{(9H-Fluoren-9-yl)methoxy }carbonyl]azeti-
dine-2-carboxylic acid (26-7)

A 50% solution of TFA in CH,CI, (20 mL) was added to
the solution of the 1-Boc-azetidine-2-carboxylic acid 26-5
(1.00 g, 4.9 mmol) m CH,Cl, (2 mL) and mixture was
stirred at room temperature for 4 h. The solvent was
removed under reduced pressure, residue was azetrope with
toluene (2x20 mL) and dried over high vacuum pump for 2
h. The crude residue was used for next step without purifi-
cation.

A solution of Fmoc-C1 (1.08 g, 4.18 mmol) 1n 1,4-dioxane
(5 mL) was added to the mixture of above residue and
K,CO; (1.15 g, 8.37 mmol) 1n dioxane/water (20 mL, 4:1).
The mixture was stirred at room temperature for 16 h. The
organic solvent was removed at reduced pressure, and
mixture was diluted with water (20 mL). The aqueous layer
was washed with MTBE (30 mL), acidified with 10%
aqueous KHSO, to pH 2 and extracted with EtOAc (3x20
ml.). The combined organic extract was washed with brine
solution (20 mL), dried over anhydrous Na,SO, and con-
centrated to get acid 26-7 as white solid.

(S)-(9H-Fluoren-9-yl)methyl 2-{(2-[{(tert-butoxy-
carbonyl)amino }methyl]-5-chlorobenzyl)
carbamoyl } azetidine-1-carboxylate (26-9)

A mixture of acid 26-7 (0.50 g, 1.78 mmol), amine 26-8
(484 mg, 1.78), EDC (1.02 g, 5.36 mmol) and HOBt (0.24
g, 1.78 mmol) in DMF:THF (1:1, 20 mL) was stirred at room
temperature for 16 h. The solvent was removed under

reduced pressure and the residue was purified by column
chromatography (silica gel: 20-30% EtOAc/hexanes) to

provide amide 26-9 as ofl white solid.

(S)-tert-Butyl 2-{(azetidine-2-carboxamido)
methyl}-4-chlorobenzylcarbamate (26-10)

A solution of 50% piperidine in CH,Cl1, (3 mL) was added
to the solution of Fmoc protected mine 26-9 (0.57 g, 0.98
mmol) and reaction mixture was stirred at room temperature
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for 1 h. The solvent was removed under reduced pressure
and residue was purified by reverse phase combitlash (C18:
10-100% acetonitrile-water) to provide amine 26-10 as
colorless gum.

tert-Butyl-4-chloro-2-[{(2S)-1-(5-hydroxy-6,7-di-

hydro-3SH-cyclopenta[b]pyridine-5-carbonyl ))azeti-

dine-2-carboxamido } methyl }benzylcarbamate (26-
11)

A mixture of amine 26-10 (0.20 g, 0.56 mmol), acid 26-4
(0.12 g, 0.56 mmol), EDC (0.32 g, 1.39 mmol) and HOBT
(0.076 g, 0.56 mmol) in DMF (10 mL) was stirred at room
temperature for 16 h. The solvent was removed at reduced

pressure and residue was purified by combaiflash (silica gel:
0-10% EtOAc/MeOH) to provide amide 26-11 as white

solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(5-
hydroxy-6,7-dihydro-SH-cyclopenta[b]pyridine-5-
carbonyl)azetidine-2-carboxamide bis(2,2,2-trifluo-

roacetate) (26-12)

A solution of 50% TFA (5 mL) in CH,Cl, (1 mL) was

added dropwise to the solution of amide 26-11 (0.18 g, 0.35

mmol) and reaction mixture was stirred at room temperature
for 3 h. The solvent was removed under reduced pressure,
residue was azeotroped with toluene (2x10 mL) and purified
by reverse phase combiflash (C18: 10% acetonitrile/water)
to provide 26-12

EXAMPL.

(L]

27

Preparation of {(2S)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(5-hydroxy-6,7-dihydro-5SH-cyclopenta
[c]pyridine-5-carbonyl)pyrrolidine-2-carboxamaide
bi1s(2,2,2-trifluoroacetate) (27-9)

TMSCN, NMO

CH,Cl,

</\

N =
27-1

HCl
-
CH;COOH

/ 7.4
ot
PyBrOP, Et;N, CH,ClL,

————
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-continued
THFA
N CILCL
O
O
27-5
BocHN
27-7

EDCI, HOBt, Et;N

_/Cl
\ /

-
CH,Cl,

BocHN

N
O NH
O

2'7-9

27-8

5-1(Trimethylsilyl)oxy }-6,7-dihydro-5SH-cyclopenta
[c]pynidine-5-carbonitrile (27-2)

NMO (0.396 g, 3.383 mmol), and TMSCN (0.67 mlL,
5.057 mmol) was added to a stirred solution of ketone 27-1
(0.45 g, 3.383 mmol) in CH,CI, (15 mL) and the mixture
was stirred at room temperature for 4 h. The reaction mixture
was quenched with saturated aqueous NH,CI solution (10
ml.) and extracted with CH,Cl, (2x15 mL). The combined
organic layers were washed with water (10 mL), brine (10
ml.), dned over Na,SO,, and concentrate at reduced pres-
sure. The residue was purified by flash chromatography
(silica gel; eluent: 0-10% EtOAc/hexanes) to afford cyano-
hydrin 27-2 as colorless o1il.

7-Hydroxy-6,7-dihydro-5H-cyclopenta[b]pyridine-7-
carboxylic acid (27-3)

To a stirred solution of cyanohydrin 27-2 (0.6 g, 3.631

mmol) in CH,;COOH (2 mL) was added con. HCI (2 mL)
and the mixture was heated at 60° C. for 16 h under nitrogen.

The solvent was removed under reduced pressure, the resi-
due was azeotroped with toluene (2x10 mL) and washed
with EtOAc (20 mL) and CH,Cl, (20 mL) to afford acid

2'7-3 as white hygroscopic solid.
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(2S)-tert-Butyl 1-(5-hydroxy-6,7-dihydro-SH-cyclo-
penta[c]pyridine-5-carbonyl)pyrrolidine-2-carboxy-
late (27-5)

PyBrOP (2.08 g, 4.469 mmol) was added 1n portions to a
solution of amine 27-4 (0.464 g, 2.23 mmol), acid 27-3
(0.400 g, 2.23 mmol), and triethyl amine (1.5 mL, 11.17
mmol) in CH,Cl, (5 mL) at 0° C. and the mixture was stirred
at room temperature for 2 h. The reaction was quenched with
saturated NaHCO, solution (5 mL) and extracted with
CH,Cl, (2x20 mL). The combined organic layers was
washed with water (20 mL), brine (20 mL) and dnied over
Na,SQO,, concentrate under reduced pressure. The crude was
purified reverse phase flash chromatography (C18 column;

10-60% acetonitrile-water) to afford amide 27-5 as a white
solad.

(2S)-1-(5-Hydroxy-6,7-dihydro-5H-cyclopenta[c]
pyridine-5-carbonyl)pyrrolidine-2-carboxylic acid
(27-6)

Trifluoroacetic acid (2 mL, 50% solution in CH,Cl,) was
added to a solution of t-butyl ester 27-5 (0.12 g, 0.361 mmol)
in CH,Cl, (2 mL) and reaction mixture was stirred under
nitrogen at room temperature for 2 h. The solvent was
removed at reduced pressure and the residue was azeotroped
with toluene (5 mL). The solid was washed with diethyl

cther (2x5 mL) and dried under high vacuum to afford acid
2'7-6 as off-white hygroscopic solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(5-hydroxy-6,7-di-
hydro-SH-cyclopenta[c]pyridine-3-carbonyl)pyrroli-
dine-2-carboxamido }methyl]benzylcarbamate (27-8)

A mixture of acid 27-6 (0.08 g, 0.289 mmol), amine 27-7
(0.078 g, 0.289 mmol), tricthyl amine (0.12 mL, 0.869
mmol), EDCI (66.6 mg, 0.347 mmol), and HOBt (39.0 mg,
0.347 mmol) in DMF (10 mL) was stirred at room tempera-
ture for 16 h. The reaction was quenched with saturated
NaHCO, solution (5 mL) and extracted with CH,Cl, (2x15
mlL). The combined organic layers were washed with water
(15 mL), brine (15 mL) and dried over Na,SO,,, concentrate
at reduced pressure. The crude was purified by reverse phase
flash chromatography (C18; eluent: 10%-40% water/ac-
ctonitrile) to atford Boc protected compound 27-8 as white

solid.

1(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(5-

hydroxy-6,7-dihydro-5H-cyclopenta[c]pyridine-5-

carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-trii-
luoroacetate) (27-9)

Trifluoroacetic acid (1 mL, 50% solution in CH,Cl,) was
added to a solution of Boc protected amine 27-8 (0.025 g,
0.047 mmol) in CH,Cl, (2 mL) and reaction mixture was
stirred under nitrogen for 1 h at room temperature. The
solvent was removed under reduced pressure and the residue
was azeotroped with toluene (5 mL). The solid was washed
with diethyl ether (2x5 mL), filtered, and dried under high
vacuum to afford 27-9 as hygroscopic off-white solid. 'H
NMR (MeOD-d,, 300 MHz) (0) ppm: 8.71 (m, 1H), 8.61-
8.64 (m, 1H), 7.72-7.84 (m, 1H), 7.45-7.55 (m, 1H), 7.38-
7.41 (m, 2H), 4.41-4.80 (m, 3H), 4.21-4.30 (m, 2H), 3.97-
4.00 (m, 1H), 3.52-3.65 (m, 1H), 3.08-3.19 (m, 2H), 2.72-
277 (m, 1H), 2.42-2.51 (m, 1H), 2.23-2.31 (m, 1H), 2.03-
2.21 (m, 1H), 1.81-2.00 (2H, m).
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(L]

28

Preparation of (2S)-N-{2-(aminomethyl)-5-chlo-
robenzyl}-1-(7-hydroxy-6,7-dihydro-5SH-cyclopenta
[c]pyridine-7-carbonyl)pyrrolidine-2-carboxamide
bis (2,2,2-trifluoroacetate) (28-6)

O
TMSCN, NMO
/ \ CH,CL
\
28-1
™SO,
/ HCL
N \ CILCOOH
28-2
ON
0 NH
Cl
CO,H
HO " BocHN
78-4
-
74 \ PyBrOP, EtsN, CH,Cl,
N
Cl
NH —
\ / > TFA _
O \\ / CH2C12

BDGHNJ

28-5

28-6
7-Hydroxy-6,7-dihydro-3H-cyclopenta[c]pyridine-7-
carboxylic acid (28-3)

TMSCN (0.59 mL, 4.40 mmol) and NMO (0.103 g, 0.88
mmol) was added to a stirred solution of SH-cyclopenta|c]
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pyridin-7(6H)-one 28-1 (0.5 g, 2.90 mmol) in CH,C1, (20
ml.) and reaction mixture was stirred at room temperature
for 5 h. The mixture was diluted with CH,Cl, (50 mL) and
washed with water (2x30 mL). The organic layer was dried
over anhydrous Na,SO, filtered and AcOH (5 mL) was

added. The solvent (CH,Cl,) was removed and mixture was
dissolved in AcOH (10 mL) and concentrated HCI1 (15 mL).

The reaction mixture was stirred at room temperature for 24
h. Solvent was removed under reduced pressure and residue
was reprecipitated from EtOAc to obtain hydroxyl acid 28-3
as pale yellow solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(7-hydroxy-6,7-di-
hydro-5H-cyclopenta| c]-pyridine-7-carbonyl ypyrro-
lidine-2-carboxamido } methyl]benzylcarbamate
(28-5)

PyBROP (3.23 g, 6.93 mmol) was added 1n portions to the
mixture of acid 28-3 (0.75 g, 3.47 mmol), amine 28-4 (0.637
g 1.73 mmol) and triethylamine (2.9 mL, 20.8 mmol) at
0-5° C. and the reaction mixture was stirred at same tem-
perature for 2 h. The reaction was quenched by 1% aqueous
citric acid solution (25 mL) and extracted with CH,Cl, (100
ml.). The combined organic extract were washed with
saturated NaHCO, solution (30 mL), and brine (30 mL),
dried over anhydrous Na,SO, filtered and concentrated
under reduced pressure. The residue was purified by reverse
phase column chromatography {followed by semi-prep

HPLC to obtain amide 28-5 as sticky solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(7-

hydroxy-6,7-dihydro-5H-cyclopenta[c]pyridine-7-

carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-trii-
luoroacetate) (28-6)

Trifluoroacetic acid (0.3 mL, 3.92 mmol) was added to the
stirred solution of Boc protected amine 28-5 (90 mg, 0.17
mmol) 1n CH,Cl, (5 mL) and reaction mixture was stirred at
room temperature for 1 h. The solvent and volatiles were
removed at reduced pressure and residue was dried under
high vacuum. The crude compound was purified by reverse
phase combiflash column chromatography (C18; eluent:
10-100% acetonitrile/water) to obtain 28-6 as yellow solid.

'H NMR (MeOD-d.,, 400 MIL,) (8) ppm: 8.60-8.68 (m, 2H).

7.86-7.97 (m, 1H), 7.50-7.65 (m, 1H), 7.31-7.46 (m, 2H),
4.18-4.53 (m, SH), 3.93-4.07 (m, 1H), 3.56-3.83 (m, 1H),
3.32-3.44 (m, 1H), 3.12-3.27 (m, 1H), 2.65-2.82 (m, 1H),

2.46-2.56 (m, 1H), 2.21-2.33 (m, 1H), 1.83-2.17 (m, 3H).

EXAMPL.

(L]

29

Preparation of (2S)-1-(7-Amino-6,7-dihydro-SH-

cyclopenta|b]pyridine-7-carbonyl)-N-(2-(aminom-

cthyl)-5-chlorobenzyl)pyrrolidine-2-carboxamide
tris(2,2,2-trifluoroacetate) (29-9)

\ n-Bul.i
-~

dry ice, THF

29-1
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A

/\r
/ \ LIHMDS
YOC}Q Trisyl azide, THF
0

/TN oo

/ \ 1. (CH3)3P, EtOAc/H,O
2. (Boc),0, EzN

CH,OH
cat. HESO;]_

B

N; O
29-4

— N

\

LiOH, THF

-
OCH3 MeOH, water

O

29-5

]
%,ﬁ
O
O

( NHBoc
297

=N HN OH —-— -
YO PyBI‘DP, CH2C12
HCl 4 Et;N
29-6

>I\o Cl

%3

TFA

NHBoc¢

29-8

diasteromers seperated by reverse phase
flash chromatogrphy

-
CH,Cl,
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-continued

Cl
N
oyl
7 N
g
AN 3TFA

29-9

6,7-dihydro-5H-cyclopenta| b]pyridine-7-carboxylic
acid (29-2)

A solution of n-Bul.1 (1.6 M, 78.0 mL, 126.0 mmol) 1n
hexanes was added dropwise to a solution of 6,7-dihydro-
SH-cyclopenta[b]pyridine 29-1 (10.0 g, 84.03 mmol) 1n
anhydrous THF (15 mL) at 0° C. The reaction mixture was
warmed to room temperature and stirred for additional 1 h.
The mixture was poured into dry 1ce, and aged for 2 h. The
reaction mixture was filtered off, dissolved 1in water (50 mL),
basified to pH 14, washed with EtOAc (50 mL) and CH,CI,
(50 mL) to remove impurities. The water layer was acidified
to pH 2-3, concentrated under reduced pressure. The crude
residue was dissolved in CH,OH (50 mL), filtered oil the
inorganic solids and the filtrate was concentrated to afford
6,7-dihydro-SH-cyclopenta| b]pyridine-7-carboxylic  acid
hydrochloride 29-2 as yellow solid.

Methyl-6,7-dihydro-5H-cyclopenta[b]pyridine-7-
carboxylate (29-3)

To a solution of acid 29-2 (1.0 g, 6.097 mmol) in CH,OH
(20 mL), was added conc. H,SO, (catalytic) and the reaction
was heated under reflux for 2 h. The solvent was removed

under reduced pressure, the residue was dissolved 1n water

(20 mL), neutralized to pH 7 and extracted with EtOAc
(2x15 mL). The combined organic layers were washed with
water (20 mL), brine (20 mL) and dried over Na,SO,,
concentrate at reduced pressure to afford methyl ester 29-3
as colorless oil.

Methyl-7-azido-6,7-dihydro-5H-cyclopenta[b|pyri-
dine-7-carboxylate (29-4)

A 1.0 M solution of LIHMDS (6.21 mL, 6.214 mmol) 1n
hexanes was added dropwise to a solution of ester 29-3 (1.0
g, 84.03 mmol) in anhydrous THF (15 mL) at —20° C. under
nitrogen and the mixture was stirred for 15 min. An ice
cooled solution of trisyl azade (1.92 g, 6.214 mmol) in THF
(5 mL) was added drop wise at —=78° C. and the mixture was
stirred for 10 min. The reaction mixture was quenched with
water (10 mL) and extracted with EtOAc (2x20 mL). The
combined organic layers were washed with brine (20 mL)
and dried over anhydrous Na,SO,, filtered and concentrated
under reduced pressure. The residue was purified by reverse
phase tlash chromatography (C18; eluent: 10%-70% water/
acetonitrile) to afford azide 29-4 as light yellow solid.

Methyl-7-(tert-butoxycarbonylamino)-6,7-dihydro-
SH-cyclopenta[b]pyridine-7-carboxylate (29-3)

A 1.0 M solution of trimethyl phosphine (6.12 mL, 2.064
mmol) m THF was added dropwise to a solution of azide
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29-4 (0.9 g, 4.128 mmol) in EtOAc/H,O mixture (20 mL,
10:1) and mixture was stirred under nitrogen at room
temperature for 15 min. A solution of (Boc),O (0.9 g, 4.128
mmol) in THF (5 mL), Et;N (0.57 mL, 4.128 mmol) was
added and the mixture was stirred under nitrogen at room
temperature for 16 h. The reaction mixture was quenched
with water (15 mL) and extracted with EtOAc (2x20 mL).
The combined organic layers were washed with brine (20
ml.) and dried over anhydrous Na,SO,, filtered and con-

centrate under reduced pressure to aflford Boc protected
amine 29-5 as white solid.

7-(tert-Butoxycarbonylamino)-6,7-dihydro-5H-cy-
clopenta[b]pyridine-7-carboxylic acid hydrochloride
acid (29-6)

A solution of L1OH (0.061 g, 2.56 mmol) 1n water (4 mL)
was added dropwise to a solution of ester 29-5 (0.25 g, 0.856
mmol) 1n THF/MeOH (2:1, 6 mL) and the mixture was
stirred under nitrogen for 16 h at room temperature. The
solvent was removed at the reduced pressure, residue was
dissolved in water (5 mL), acidified to pH 2-3 using 1N HCI
and washed with EtOAc (2x10 mL). The aqueous layer was

concentrated under reduced pressure. The solid residue was
suspended 1 MeOH (20 mL), filtered, and filtrate was
concentrated to afford acid 29-6 as off-white solid.

(2S)-1-{7-(tert-Butoxycarbonyl)-amino } -6,7-di-
hydro-5H-cyclopenta[b]pyridine-7-carbonyl)-N-{2-
(aminomethyl)-5-chlorobenzyl } pyrrolidine-2-car-
boxamide (29-8)

PyBrOP (0.505 g, 1.08 mmol) was added 1n portions to a
mixture of amine 29-7 (0.2 g, 0.541 mmol), acid 29-6 (0.15
g, 0.541 mmol), and triethyl amine (0.45 mL, 3.25 mmol),
at 0° C. and the reaction was stirred under nitrogen for 2 h
at room temperature. The reaction was quenched with satu-
rated NaHCO; solution (5 mL) and extracted with CH,CI,
(2x20 mL). The combined organic layers were washed with
water (15 mL), brine (15 mL) and dried over anhydrous
Na,SQO,, filtered and concentrated under reduced pressure.
The residue was purified by reverse phase flash chromatog-
raphy (C18; eluent: 10%-60% water/acetonitrile) to afford
non polar diastereomers 29-8a as white solid and polar

diasteromer 29-8b as white solid.

(2S)-1-(7-Amino-6,7-dihydro-SH-cyclopenta| b|pyri-

dine-7-carbonyl)-N-(2-(aminomethyl)-5-chloroben-

zyl)ypyrrolidine-2-carboxamide tris(2,2,2-trifluoroac-
ctate) (29-9a)

Trifluoroacetic acid (3 mlL., 50% solution 1n CH,Cl,) was
added to the solution of Boc protected diasteromer 29-8a
(0.05 g, 0.08 mmol) in CH,CI1, (2 mL) and reaction mixture
was stirred under nitrogen for 1 h at room temperature. The
solvent was removed at reduced pressure and the residue
was azeotroped with toluene (5 mL). The solid was washed
with diethyl ether (2x5 mL), filtered and dried under high
vacuum to afford 29-9a. '"H NMR (MeOD-d,, 400 MH.)) (8)
ppm: 8.52-7.53 (d, JI=4.4, 1H), 7.92-7.90 (d, J=7.6, 1H),
7.39-7.55 (m, 4H), 4.61 465(111 I=12, 1H), 4.50-4.53, (dd,
J=3.6 Hz, J=8.4 Hz, 1H), 4.23-4.35 (m, 4H), 3.31-3.40 (m,
1H), 3.15-3.20 (m, 1H), 2.88-2.95 (m, 1H), 2.41-2.51 (m,
1H), 2.31-2.34 (m, 1H), 2.14-2.15 (m, 1H), 1.72-1.83 (s,
3H).
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(2S)-1-(7-Amino-6,7-dihydro-SH-cyclopenta[ b]pyri-
dine-7-carbonyl)-N-(2-(aminomethyl)-5-chloroben-
zyl)pyrrolidine-2-carboxamide tris(2,2,2-trifluoroac-

ctate) (29-9b)

Trifluoroacetic acid (3 mL, 50% solution 1n CH,Cl,) was
added to the solution of Boc protected amine 29-8b (0.04 g,
0.064 mmol) in CH,Cl, (2 mL) and reaction mixture was
stirred under nitrogen for 1 h at room temperature. The
solvent was removed at reduced pressure and the residue
was azeotroped with toluene (5 mL). The solid was washed
with diethyl ether (2x5 mL) and dried under high vacuum to
afford 29-9b. '"H NMR (MeOD-d,, 400 MHz) (8) ppm: 8.55
(d, J=1.6, 1H), 7.91 (d, J=1.6, 1H), 7.49 (dd, J=4.8 Hz, J=7.6
Hz, 1H), 7.40-7.44 (m, 2H), 1.61-1.64 (m, 1H), 4.52-4.59
(m, 2H), 4.34 (d, JI=15.2 Hz, 2H), 4.25 (s, 2H), 3.31-3.40 (m,
1H), 2.99-3.03 (m, 1H), 2.47-2.51 (m, 1H), 2.07-2.27 (m,
3H), 1.78-1.88 (m, 3H).

EXAMPL.

30

(L.

Synthesis of (2S)-N-{2-(Aminomethyl)-5-chlo-
robenzyl } -1-(5-hydroxy-5,6,7,8-tetrahydroquinoline-
S-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-

trifluoroacetate)(30-6)

@x@

30-2
N NHBoc

30-4

COOH — -
PyBrOP, Et;N

CH,Cl,

TMSCN, NMO
CH,Cl,

conc. HCI .
CH;COOH

30-3

CH2C12

LU

/

Boc

30-5
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HZNJ 2 TFA

30-6

5-{(Trimethylsilyl)oxy }-5,6,7,8-tetrahydroquinoline-
S-carbonitrile (30-2)

NMO (0.08 g, 0.680 mmol) and TMSCN (0.101 g, 1.020
mmol) was added to a solution of 7,8-dihydroquinolin-3
(6H)-one 30-1 (0.1 g, 0.680 mmol) mn CH,Cl, (2 mL) and
the mixture was stirred under nitrogen at room temperature
for 1 h. The reaction was quenched with water (10 mL) and
extracted with CH,Cl, (2x50 mL). The combined organic
layers were washed with water (10 mL), brine (10 mL) and
dried over anhydrous Na,SO,, and concentrated under
reduced pressure. The residue was purified by flash chro-
matography (silica gel; eluent: 0-20% EtOAc/hexanes) to
alford cyanohydrin 30-2 as a colorless oil.

S-Hydroxy-5,6,7,8-tetrahydroquinoline-5-carboxylic
acid (30-3)

A mixture of cyanohydrin 30-2 (0.4 g, 1.626 mmol) 1n
CH,COOH (5 mL) and conc. HCI (2.5 mL) was heated 1n
sealed tube at 60° C. for 24 h. The solvent and volatiles were
removed at reduced pressure and residue was azeotroped
with toluene (15 mlL), washed with EtOAc (15 mL) and
CH,CL, (15 mL) to afford hydroxyl acid 30-3 as a white

hygroscopic solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(5-hydroxy-5,6,7,8-
tetrahydroquinoline-5-carbonyl)pyrrolidine-2-
carboxamido } methyl]benzylcarbamate (30-5)

PyBrOP (0.483 g, 1.036 mmol) was added to a mixture of
amine 30-4 (0.190 g, 0.518 mmol), acid 30-3 (0.150 g, 0.777
mmol), and triethyl amine (0.45 mlL, 3.269 mmol) in
CH,CI1, (5 mL) at 0° C. and the reaction was stirred for 2 h
at room temperature under nitrogen. The reaction was
quenched with saturated NaHCO, solution (5 mL) and
extracted with CH,Cl, (2x20 mL). The combined organic
layers were washed with water (15 mL), brine (15 mL),
dried over anhydrous Na,SO,, and concentrated under
reduced pressure. The residue was purified by reverse phase
flash chromatography (C18; eluent: 10%-40% acetonitrile/
water) to aflord Boc protected compound 30-5 as a white

solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(5-
hydroxy-5,6,7,8-tetrahydroquinoline-5-carbonyl)
pyrrolidine-2-carboxamide (30-6)

Trifluoroacetic acid (0.5 mL, 50% solution in CH,Cl,)
was added to a solution of Boc protected amine 30-5 (35 mg,
0.064 mmol) in CH,CI, (1 mL) and the reaction mixture was
stirred under nitrogen at room temperature for 1 h. The
solvent was removed at reduced pressure and the residue
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was azeotroped with toluene (5 mL). The solid was washed
with ether (2x4 mL), filtered and dried under high vacuum
to afford 30-6. "H NMR (MeOD, 400 MHz) (8) ppm: 8.60
(1H, s), 8.20-8.39 (m, 1H), 7.50-7.74 (m, 1H), 7.41-7.50 (m,
1H), 7.36-7.39 (m, 2H), 4.20-4.55 (m, 5H), 3.85-4.00 (m,
1H), 3.47-3.70 (m, 1H), 3.04-3.14 (m, 2H), 2.20-2.40 (m,
2H), 1.81-2.2.15 (m, 6H).

EXAMPL.

(L]

31

Preparation of (28)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(5-hydroxy-5,6,7,8-tetrahydroisoquino-
line-3-carbonyl)pyrrolidine-2-carboxamide bis(2,2,

2-trifluoroacetate) (31-7)

AN

TMSCN, NMO
o CH.CL,
\/\/
31-1
NC  OTMS
‘ X HCl, CH;COOH,
-
N /
31-2
,NOC OH
‘ X HCl, CH;COOH,
-
N A
HCI
31-3
HN
O NH
Cl
S
HOOC OH
BocHN /
‘ N 31-5
-
N _Z PyBrOP, Et;N, CH,Cl,
Cl
TFA
CILCL
BocHN
31-6
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NH C]

H>N
«2TFA
31-7

S-(Trimethylsilyloxy)-5,6,7,8-tetrahydroisoquino-
line-5-carbonitrile (31-2)

NMO (0.54 g, 4.90 mmol) and TMSCN (0.9 mL, 7.40
mmol) was added to a solution of compound 31-1 (0.9 g,
4.90 mmol) in CH,Cl, (20 mL) and mixture was stirred at
room temperature for 2 h. The reaction was quenched with
water (30 mL) and extracted with CH,Cl, (100 mL). The
combined organic layers were dried over anhydrous
Na,SQO,, filtered and concentrated under reduced pressure.
The residue was purified by column chromatography (silica
gel; 0-40% EtOAc/hexanes) to obtain cyanohydrin 31-2 as
a colorless oil.

S-Hydroxy-3,6,7,8-tetrahydroisoquinoline-5-carbox-
amide (31-3)

To a stirred solution of compound 31-2 (0.98 g, 3.98
mmol) 1n acetic acid (10 mL) was added conc. HCI (15 mL)
and mixture was stirred at room temperature for 16 h. The
solvent was removed at reduced pressure and the residue
was reprecipitated from EtOAc to obtain amide 31-3 as a
yellow solid.

S-Hydroxy-5,6,7,8-tetrahydroisoquinoline-5-carbox-
ylic acid (31-4)

A mixture of amide 31-3 (0.48 g, 2.09 mmol) 1n acetic
acid (10 mL) and conc. HCI (15 mL) was stirred at 60° C.
for 48 h. The solvent was removed at reduced pressure and
residue was reprecipitated from EtOAc to obtain hydroxyl
acid 31-4 as a yellow solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(5-hydroxy-5,6,7,8-
tetrahydroisoquinoline-3-carbonyl)pyrrolidine-2-
carboxamido } methyl|benzylcarbamate (31-6)

PyBrOP (2.26 g, 4.87 mmol) was added to a mixture of
hydroxyl acid 31-4 (0.56 g, 2.43 mmol), amine 31-5 (0.45 g,
1.22 mmol) and Et,N (2.0 mL, 14.6 mmol) in CH,Cl, (20
ml) at 5° C. The mixture was stirred at room temperature for
2 h. The reaction was quenched with 1% aqueous citric acid
solution (30 mL) and extracted with CH,Cl, (2x75 mL). The
combined organic extracts were washed with saturated aque-
ous NaHCO, solution (50 mL), brine (50 mL), dried over
anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by reverse phase column
chromatography (C18; eluent: 10-100% acetonitrile/water)
tollowed by semi-prep HPLC to obtain compound 31-6 as a
hygroscopic solid
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(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(5-
hydroxy-5,6,7,8-tetrahydroisoquinoline-3-carbonyl)
pyrrolidine-2-carboxamide bis(2,2,2-trifluoroacetate)
(31-7)

Trifluoroacetic acid (0.3 mL, 3.92 mmol) was added
dropwise to a solution of Boc protected amine 31-6 (90 mg,
0.16 mmol) in CH,Cl, (1 mL) and mixture was stirred at
room temperature for 1 h. The solvent and volatiles were
removed under reduced pressure and residue was purified by

reverse phase combiflash column chromatography (C18;
eluent: 10-100% acetonitrile/water) to obtain 31-7. "H NMR

(MeOD-d,, 400 MHz) (8) ppm: 8.62 (1H, s), 8.43-8.56 (1H,
m), 7.86-7.88 (m, 1H), 7.33-7.57 (m, 3H), 4.20-4.57 (m,
5H), 3.85-3.99 (m, 1H), 3.51-3.74 (m, 1H), 3.40-3.48 (m,
1H), 2.90-3.03 (m, 2H), 2.33-2.44 (m, 1H), 2.19-2.25 (m,
1H), 1.76-2.10 (m, 5H).

EXAMPL.

(L]

32

Preparation of (2S)-N-{2-(aminomethyl)-5-chlo-
robenzyl }-1-(8-hydroxy-5,6,7,8-tetrahydroquinoline-
8-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-
trifluoroacetate) (32-7)

R
‘ PhCHO__
/ AGgO
\ /
N
32-1
\
‘ Ozone
CILOO
DY P 3
]
\ ‘/\
\/
32-2
Y
TMSCN, NMO
/ CH2C12
N
O
32-3
X
S
N GDH.HCIF
NC OTMS  AcOH
32-4
HN
X
N
HCI HO COOH /’\/Cl
32-5 ‘
BDCHN\/\/
1-10
o

PyBOP, DIPEA, CH,Cl»



US 9,469,608 B2

105
-continued
Cl
NH TFA

A CH.CL,

HN

Bc:-c/
32-6

Cl

2 TFA
32-7

8-Benzylidene-5,6,7,8-tetrahydroquinoline (32-2)

A mixture of tetrahydroquinoline 32-1 (15.0 g, 112 mmol)
and benzaldehyde (12.6 mL, 123 mmol) 1n acetic anhydride
(25 mL) was heated at 170° C. for 18 h. The reaction mixture
cooled to room temperature, neutralized to pH 7-8 with 2 N
aqueous NaOH solution and extracted with EtOAc (3x200
mL). The combined organic layers were washed with brine
(200 mL), dried over anhydrous Na,SO, and concentrated
under reduced pressure. The residue purified by combitlash
chromatography (silica gel, 3:7 EtOAc/Hexanes) to aflord
intermediate 32-2 s dark brown oil.

6,7-Dihydroquinolin-8(5H)-one (32-3)

Ozone gas was purged through a solution of alkene 32-2
(10.0 g, 45.1 mmol) in CH,OH at -40° C. for 2 h. Dimethyl

sulfide (12.6 mL, 270 mmol) was added to the mixture at
—-40° C. and reaction was slowly warmed to room tempera-
ture. After stirring for 2 h at room temperature, solvent was
removed under reduced pressure. The residue purified by

combitlash chromatography (silica gel, 1:1 EtOAc/Hexanes)
to provide ketone 32-3 as light brown o1l

8-{(Trimethylsilyl)oxy }-5,6,7,8-tetrahydroquinoline-
8-carbonitrile (32-4)

Trimethylsilyl cyamde (2.94 mL, 21.9 mmol) was added
dropwise to the mixture of dihydroquinolinone 32-3 (2.15 g,
14.6 mmol) and N-methylmorpholine-N-oxide (0.51 g, 4.38
mmol) in CH,Cl, (30 mL) and reaction mixture was stirred
under nitrogen for 2 h. The reaction quenched with aqueous
NH_Cl solution (30 mL) and extracted with CH,Cl, (2x350
mlL). The combined organic extracts were washed with brine
(50 mL), dried over anhydrous Na,SO, and concentrated
under reduced pressure. The residue purified by combitlash
chromatography (silica gel, 1:5 EtOAc/Hexanes) to provide
cycanohydrin 32-4 as brown oil.

8-Hydroxy-5,6,7,8-tetrahydroquinoline-8-carboxylic
acid hydrochloride (32-3)

A mixture of cyanohydrin 32-4 (0.50 g, 2.17 mmol), conc
HC1 (5 mL) and acetic acid (5 mL) was retluxed for 24 h.
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The reaction mixture cooled to room temperature and con-
centrated under reduced pressure. The residue was azeotro-
ped with toluene (2x10 mL) and dried under high vacuum to
provide the hydroxy acid 32-5 as brown solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(8-hydroxy-5,6,7.8,
tetrahydro quino-line-8-carbonyl) pyrrolidine-2-
carboxamido }methyl]benzylcarbamate (32-6)

DIPEA (0.24 mL, 1.30 mmol) was added to a suspension
of hydrochloride salt 32-5 (0.10 g 0.43 mmol) in CH,Cl, (10
ml) and stirred for 10 min. Thereafter, the amine 1-10 (0.17
g, 0.47 mmol) and PyBOP (0.24 g, 0.43 mmol) was added
and mixture was stirred under nitrogen for 24 h. The solvent
was removed under reduced pressure and the residue puri-
fied by reverse phase combaiflash chromatography (C18, 1:4

H,O/CH,CN) to provide the amide 32-6 as colorless oil.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(8-
hydroxy-5,6,7,8-tetrahydroquinoline-8-carbonyl)
pyrrolidine-2-carboxamide bis(2,2,2-trifluoroacetate)
(32-7)

A 50% solution Tritluoroacetic acid (6 mL) in CH,CI, (1
ml.) was added to the solution of Boc protected 32-6 (0.10
g 0.18 mmol) mn CH,Cl, (2 mL) and reaction mixture was
stirred under nitrogen for 2 h. The solvent was removed at

reduced pressure and the residue was azeotroped with tolu-
ene (6 mL). Hygroscopic solid was dissolved 1n 1:1 acetoni-
trile/water (3 mL) and lyophilized for 24 h to obtain 32-7. '"H
NMR (300 MHz, MeOD-d,) 6 8.41 (d, J=5.10 Hz, 1H), 8.13
(d, J=8.10 Hz, 1H), 7.73-7.60 (m, 1H), 7.56-7.34 (m, 3H),
4.60-4.40 (m, 3H), 4.35-3.80 (m, 4H), 3.45-3.35 (m, 1H),
3.10-2.85 (m, 2H), 2.60-2.40 (m, 1H), 2.32-2.12 (m, 1H),
2.11-1.72 (m, 4H), 1.43-1.26 (m, 1H).

EXAMPLE

33

Preparation of (28)-N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-(1,3-dihydroisobenzofuran-1-carbonyl)
azetidine-2-carboxamide-2,2,2-trifluoroacetate

(33-7)
NH,>
Cl
\ ~
BocHN
FmocN /
OH 33-2
-
O EDCI, HOBt, DMFE
33-1
Cl
piperidine,
(HNH NI‘ %DC CH2C12 -
N
Fmoc O
33-3
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Cl
2. EDCI coupling
=
NH NHBoc O
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33-5
Cl
O
N
NH TFA
= CH.CL,
O O
A
NHBoc¢
33-6
Cl
O
N H
N
G
‘ O O
\/
NH,
‘TFA
33-7

(9H-Fluoren-9-yl)methyl 2-{(2-[{(tert-butoxycarbo-
nyl)amino } methyl]-5-chlorobenzyl)
carbamoy] }azetidine-1-carboxylate (33-3)

Amine 33-2 (1.17 g, 3.09 mmol) was added to a solution
of acid 33-1 (1.0 g, 3.09 mmol), EDCI (1.17 g, 6.18 mmol),
and HOBTt (0.85 g, 6.18 mmol) in DMF (10 mL) at 0° C. The

reaction mixture was stirred at room temperature for 1 h. The
mixture diluted with water (30 mL) and extracted with

EtOAc (2x50 mL). The combined organic layers were
washed with saturated NaHCO, solution (20 mL), 0.5 M

aqueous HCI1 (20 mL), brine solution (20 mL), dried over
anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by column chromatog-
raphy (silica gel: 50% EtOAc/Hexanes) to obtain amide
33-3 as a yellow semi solid.

(S)-tert-Butyl 2-{(azetidine-2-carboxamido)
methyl}-4-chlorobenzylcarbamateamate (33-4)

Piperidine (0.6 mL) was added to a solution of amide 33-3
(0.57 g, 0.99 mmol) m CH,Cl, (6 mL) at 0° C. and the
reaction mixture was stirred at room temperature for 1 h. The
reaction mixture was concentrated to dryness and the residue
was purified by reverse phase combiflash chromatography
(C18; 10-100% acetonitrile/water) to obtain amine 33-4 as a
white solid.

tert-Butyl 4-chloro-2-[{(25)-1-(1,3-dihydroisobenzo-
furan-1-carbonyl)azetidine-2-carboxamido } methyl]
benzylcarbamate (33-6)

Amine 33-4 (0.20 g, 0.58 mmol) was added to a solution
of acid 33-5 (0.07 g, 0.42 mmol), EDCI (0.17 g, 0.84 mmol),
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HOBt (0.12 g, 0.84 mmol) in DMF (4 mL) at 0° C. and the
reaction mixture was stirred at room temperature for 2 h. The

reaction mixture diluted with water (20 mL) and extracted
with EtOAc (2x350 mL). The combined organic layers were
washed with saturated aqueous NaHCO, solution (10 mL),
0.5M aqueous HCI (10 mL), brine solution (20 mL), dried
over anhydrous Na,SO,, filtered and concentrated under
reduced pressure. The residue was purified by column
chromatography (silica gel: 40% EtOAc/Hexanes) to get
amide 33-6 as a light brown solid.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(1,3-
dihydroisobenzofuran-1-carbonyl)azetidine-2-car-
boxamide-2,2,2-trifluoroacetate (33-7)

A 50% solution of TFA in CH,CI, (3 mL) was added to
a solution of Boc protected amine 6 (0.19 g, 0.38 mmol) 1n
CH,CI, (1 mL) and the reaction was stirred at 0° C. for 30
min. The reaction mixture was concentrated under reduced
pressure and the residue was purified by reverse phase
combitlash chromatography (C18; 10-100% acetonitrile/
water) to get 33-7 as a white hygroscopic solid. 'HNMR
(CDCl,, 1:1 mixture of diastereomers, 400 MHz) (0) ppm:
8.94-8.89 (m, 1H), 8.88-8.20 (brs, 3H), 7.45-7.20 (m, 7H),
5.70 (s, 0.5H), 5.63 (s, 0.5H), 5.2-5.16 (m, 2H), 4.84-4.66
(m, 2H), 4.62-4.43 (m, 1H), 4.17-4.40 (m, 4H), 2.52-2.32
(m, 2H).

EXAMPL.

L1

34

Preparation of (2S)-N-{2-(aminomethyl)-5-chlo-
robenzyl }-1-(isoindoline-1-carbonyl)azetidine-2-
carboxamide bis(2,2,2-trifluoroacetate) (34-7)

—

HN—
)/OE‘[
+H(Cl

O
34-2
HATU, Et;N, DMF

COOH

N/
EPN

‘ NBoc

-

\ OF+t L1OH, H>O _
CH;OH, THF
N O
BDG/ 0O
34-3
NH»
Cl
Boc—NH
N OH 34-5
-
EDCI, HOBt, DMF

N O

\ O
Boc

34-4
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7 ‘ TFA
H CH.CL
N N N

N O

\ O NH

Boc
34-6

Cl
PN
N

O ~ NH,

2 TFA
34-7

tert-Butyl-3-{(S)-2-(ethoxycarbonyl)azetidine-1-
carbonyl}indoline-1-carboxylate (34-3)

A mixture of acid 34-1 (300 mg, 1.14 mmol), amine 34-2
(188 mg, 1.14 mmol), HATU (646 mg, 1.71 mmol) and
DIPEA (0.77 mL, 4.57 mmol) in DMA (10 mL) was stirred
at room temperature for 2 h. The solvent was removed at
reduced pressure and residue was purified by reverse phase
combiflash (C18; 10-100% acetonitrile/water) to provide
amide 34-3 as a colorless gum.

(2S)-1-{2-(tert-Butoxycarbonyl)isoindoline-1-
carbonyl}azetidine-2-carboxylic acid (34-4)

A solution of L1OH (64 mg, 2.80 mmol) in water (1 mL)
was added dropwise to the solution of amide 34-3 (350 mg,
0.93 mmol) and the reaction mixture was stirred at room
temperature for 4 h. The organic solvent was removed under

reduced pressure and the mixture was diluted with water (10
ml.). The aqueous layer was washed with MTBE (20 mL),

acidified with 10% aqueous KHSO, to pH 2 and extracted
with EtOAc (3x20 mL). The combined organic extract was

dried over anhydrous NaZSO4, filtered and concentrated to
provide acid 34-4 as an ofl white solid.

tert-Butyl-1-{(8)-2-{(2-[{ (tert-butoxycarbonyl)
amino }methyl]-5-chlorobenzyl)
carbamoyl }azetidine-1-carbonyl)isoindoline-2-car-
boxylate (34-6)

A mixture of acid 34-4 (301 mg, 0.86 mmol), amine 34-5
(281 mg, 1.04 mmol), EDC (198 mg, 1.04 mmol), and HOBt
(140 mg, 1.04 mmol) in DMA (10 mL) was stirred at room
temperature for 4 h. The reaction was quenched with water
(20 mL) and extracted with EtOAc (3x20 mL). The com-
bined organic extract was dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by com-
biflash (silica gel; eluent: 30% EtOAc/hexanes) to provide
non polar diasteromer 34-6a and polar diasteromer 34-6b as
a colorless gum.
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(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(isoin-
doline-1-carbonyl)azetidine-2-carboxamide bis(2,2,

2-trifluoroacetate) (34-7a)

A 50% solution of TFA in CH,CIl, (3 mL) was added to
the stirred solution of Boc protected amino 34-6a (38 mg,
0.096 mmol) and the reaction mixture was stirred at room
temperature for 3 h. The solvent was removed under reduced
pressure and the residue was azeotroped with toluene (2x20
ml.) and dried over high vacuum pump for 2 h. The crude
product was purified by reverse phase combiflash (C18;
eluent: 30% acetonitrile/water) to provide 34-7a. 'H NMR
(MeOD, 400 MHz) (o) ppm: 7.53-7.29 (m, 7H), 5.68-5.49
(m, 1H), 4.98-4.12 (m, 10H), 2.81-2.72 (m, 1H), 2.41-2.32
(m, 1H).

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl} -1-(isoin-
doline-1-carbonyl)azetidine-2-carboxamide bis(2,2,
2-trifluoroacetate) (34-7b)

A 50% solution of TFA mm CH,Cl, (3 mL) was added to
the stirred solution of Boc protected amino 34-6b (110 mg,
0.18 mmol) and the reaction mixture was stirred at room
temperature for 3 h. The solvent was removed at reduced
pressure and residue was azeotroped with toluene (2x20
ml) and drnied over high vacuum pump for 2 h. The crude
product was purified by reverse phase combiflash (30%

acetonitrile/water) to provide 34-7b. 'H NMR (MeOD, 400
MH.) (6) ppm: 7.58-7.33 (m, 7H), 35.69-5.54 (m, 1H),
4.98-4.95 (m, 1H), 4.72 (dd, J=14.4 Hz, J=44 Hz, 2H),
4.63-4.52 (m, 2H), 4.52-4.12 (m, 4H), 2.826-2.67 (m, 1H),
2.51-2.20 (m, 1H).

EXAMPL.

35

(Ll

Preparation of (25)-N-{2-(Aminomethyl)-5-chlo-
robenzyl }-1-(indoline-3-carbonyl)azetidine-2-car-
boxamide bis(2,2,2-trifluoroacetate) (33-7)

OH
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N —
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35-3



US 9,469,608 B2

-continued
NH,
Cl
N OH Boc—NH
35-5
N 0 -
S/ 'S EDCI, HOBt, DMF
Boc
35-4
Cl
Z
- ‘ TFA
-
CH,CL,
N N .
N O
/
Boc O NH
Boc
35-6
Cl
/l\
. |
N H‘MHH’HHQhQQtf’##
HN O
O \NH2
) TEFA
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tert-Butyl-3-{(5)-2-(Ethoxycarbonyl))azetidine-1-
carbonyl}indoline-1-carboxylate (35-3)

Triethylamine (1.48 mL, 10.5 mmol) was added to a
mixture of amine hydrochloride salt 33-1 (0.35 g, 2.11
mmol), acid 35-2 (0.44 g, 1.68 mmol) and HATU (1.60 g,

4.22 mmol) and the mixture was stirred under nitrogen for
3 h. The reaction mixture was quenched with water (100
ml.) and extracted with EtOAc (3x30 mL). The combined
organic layers were washed with water (2x100 mL), brine
(50 mL), dried over anhydrous Na,SO,, and concentrated

under reduced pressure. The residue was purified by reverse
phase combiflash chromatography (C18, 1:4 water/CH;CN)
to afford 35-3 as an oil.

(25)-1-[1-(tert-Butoxycarbonyl indoline-3-carbonyl]
azetidine-2-carboxylic acid (35-4)

A solution of L1iOH*H,O (0.09 g, 2.16 mmol) 1n H,O (2
ml.) was added to a stirred solution of ester 35-3 (0.27 g,
0.72 mmol) n CH,;OH/THF (6 mL, 1:1) and the reaction
mixture stirred at room temperature for 3 h. The solvent was
removed at reduced pressure and mixture was diluted with
water (10 mL), acidified to pH 3-4 with aqueous KHSO,
solution and extracted with EtOAc (2x20 mL). The com-
bined organic layer were washed with brine (10 mL), dried
over anhydrous Na,SO, and concentrated to provide the acid
35-4 as an off-white solid.
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tert-Butyl 3-{(S)-2-{(2-[{(tert-butoxycarbonyl)
amino }methyl]-5-chlorobenzyl)
carbamoyl } azetidine-1-carbonyl}indoline-1-car-
boxylate (35-6)

A mixture of acid 35-4 (0.19 g, 0.54 mmol), amine 33-5
(0.20 g, 0.54 mmol), EDCI (0.11 g, 0.60 mmol and HOBt
(0.02 g, 0.13 mmol) in DMF (10 mL) was stirred under
nitrogen for 3 h at room temperature. The reaction was
diluted with water (100 mL) and extracted with EtOAc
(3x20 mL). The combined organic layers were washed with
water (2x100 mL), brine (50 mL), dried over anhydrous
Na,SO, and concentrated under reduced pressure. The resi-
due was purified by reverse phase combitlash chromatog-
raphy (C18, 1:3 water/CH,CN) to afford 35-6 as a colorless

o1l.

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(8-
hydroxy-5,6,7,8-tetrahydroquinoline-8-carbonyl)
pyrrolidine-2-carboxamide bis(2,2,2-trifluoroacetate)
(35-7)

A 50% solution of TFA m CH,CI, (10 mL) was added to
the solution of 35-6 (0.25 g, 0.41 mmol) 1n CH,CL, (2 mL)
and the reaction mixture was stirred under nitrogen for 2 h.
The solvent was removed under reduced pressure and the
residue was azeotroped with toluene (2x10 mL). The result-

ing hygroscopic solid was dissolved in 1:1 acetonitrile/water
(4 mL) and lyophilized for 24 h to obtain 35-7. 'H NMR

(300 MHz, MeOD) 8 7.43 (s, 1H), 7.39 (d, J=10.8 Hz, 2H),
7.14-6.93 (m, 2H), 6.72-6.60 (m, 2H), 4.82 (brs, 1H),
4.60-4.45 (m, 1H), 4.42-437 (m, 2H), 4.27-4.05 (m, 4H),
3.71-3.59 (m, 2H), 2.66-2.45 (m, 1H), 2.45-2.20 (m, 1H)

EXAMPL.

(Ll

36

Preparation of (2S)-N-{5-Chloro-2-(1H-tetrazol-1-
yl)benzyl}-1-(7-hydroxy-6,7-dihydro-5SH-cyclopenta
[b]pyridine-7-carbonyl )pyrrolidine-2-carboxamide

(36-3)
/‘“\--r‘ﬂ
N
*\N _N Cl
H,N
o 36-2 _

EDCI, HOBt
Et;N, CH,Cl,

. /_/c1
Noomo Y K \
W
N/
NF \N

/ \ \

—

36-3
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(2S)-N-{5-Chloro-2-(1H-tetrazol-1-yl)benzyl } -1-(7-
hydroxy-6,7-dihydro-5H-cyclopenta[b]pyridine-7-
carbonyl)pyrrolidine-2-carboxamide (36-3)

A mixture of acid 36-1 (0.07 g, 0.253 mmol), amine 36-2
(0.053 g, 0.253 mmol), triecthyl amine (0.03 mL, 0.233
mmol), EDCI (0.058 g, 0.304 mmol), and HOBt (0.041 g,
0.304 mmol) in CH,CL, (5 mL) was stirred at room tem-
perature for 16 h. The reaction was quenched with aqueous
saturated NaHCO, solution (5 mL) and extracted with
CH,Cl, (2x15 mL). The combined organic layers were
washed with water (15 mL), brine (15 mL), dned over
anhydrous Na,SQO,, filtered and concentrated under reduced
pressure. The residue was purified by reverse phase flash
chromatography (C18; eluent: 10%-40% water/acetonitrile)
to afford 36-3. '"H NMR (MeOD-d,, 400 MHz) (8) ppm:
9.16 (s, 1H), 9.03 (s, 1H), 8.41 (d, J=4.4 Hz, 1H), 8.33 (t,
J=4.4 Hz, 1H), 8.16 (d, J=4.4 Hz, 1H), 7.74 (d, J=2.4 Hz,
1H), 7.69 (d, I=7.6 Hz, 1H), 7.62 (d, J=7.6 Hz, 1H), 7.54 (d.,
J=2.4 Hz, 1H), 8.3 (1, J=4.4 Hz, 1H), 7.41 (t, J=4.0 Hz, 1H),
7.22-7.27 (m, 3H), 7.19 (dd, JI=4.8 Hz, 7.6 Hz, 1H), 5.27 (s,
1H), 4.90 (s, 1H), 4.77 (dd, J=8.0 Hz, ] =13.2 Hz, 1H), 4.66
(dd, J=3.6 Hz, J=7.6 Hz, 1H), 4.34 (dd, J=6.4 Hz, J=15.6 Hz,
1H), 4.16-4.23 (m, 3H), 3.34-3.43 (m, 2H), 3.15-3.31 (m,
2H), 3.0-3.08 (m, 2H), 2.61-2.79 (m, 2H), 2.42-2.42 (m,
3H), 2.05-2.09 (m, 4H), 1.92-1.94 (m, 2H), 1.30-1.41 (m,
3H).

EXAMPL.

L1

37

Preparation of (5)-N-{2-(Aminomethyl)-5-chlo-
robenzyl }-1-{(R)-1-hydroxy-2,2-dimethylcyclopro-
panecarbonyl)pyrrolidine-2-carboxamide-2,2,2-trii-

luoroacetate (37-11)

H»C CHj
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H,C / Br,
-
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-continued
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Cl

TFA
CH.CL,

30c¢

1(3,3-Dimethylcyclobut-1-ene-1,2-diyl)bis(oxy) } bis
(trimethylsilane) (37-2)

A solution of dimethyl-2,2-dimethylsuccinate 37-1 (5.0 g,
28.57 mmol) and TMSC1 (15.0 mL, 116.1 mmol) in toluene
(20 mL) was added dropwise to a suspension ol sodium
metal (2.6 g, 114.2 mmol) in anhydrous toluene (50 mL)
under nitrogen atmosphere over a period of 1 h and the
mixture was refluxed for 36 h. The reaction mixture was
allowed to cool to room temperature, the mixture was
filtered through a pad of celite and concentrated under
reduced pressure to obtain cyclobutene 37-2 as a colorless
o1l. The crude residue was used for next step without any
turther punification.

1-Hydroxy-2,2-dimethylcyclopropanecarboxylic
acid (37-4)

Bromine (1 mL, 18.3 mmol) was added dropwise to a
solution of mntermediate 37-2 (4.20 g, 16.86 mmol) 1n a
hexanes/pentane (1:1, 30 mL) and the reaction mixture was
stirred at 45° C. for 1 h. The reaction mixture was concen-
trated under reduced pressure and the residue was used
without purification. 1N aqueous NaOH solution (10 mL)
was added to the solution of the above residue (2.33 g, 20.33
mmol) i THF (20 mL) and mixture was stirred at room
temperature for 2 h. Solvent was removed at reduced pres-
sure; residue was dissolved 1n water (10 mL) and acidified
with 2M aqueous HCI to pH 4-5. The aqueous layer
extracted with EtOAc (3x30 mL). The combined organic
layer was dried over anhydrous Na,SQO,, filtered and con-
centrated under reduced pressure to get acid 37-4 as a pale
yellow solid.

(1S,8a'S)-2,2-Dimethyltetrahydrospiro| cyclopro-
pane-1,3'-pyrrolo[2,1-c][1,4]oxazine]-1',4'-dione
(37-6) and (S)-methyl 1-{(R)-1-hydroxy-2,2-
dimethylcyclopropanecarbonyl}pyrrolidine-2-car-
boxylate (37-7)

The mixture of acid 37-4 (0.2 g, 1.54 mmol), amine 37-5
(0.2 g, 1.23 mmol), EDCI (0.59 g, 3.07 mmol), HOBt (0.41

g 3.07 mmol) and DIPEA (0.6 mL, 3.07 mmol) in CH,CI,
(3 mL) was stirred at room temperature for 14 h. The

reaction mixture was diluted with CH,Cl, (20 mL), washed
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with saturated NaHCO, solution (10 mL) and 0.5 M HCI (10
ml.) successively. The organic layer was separated and
washed with brine solution (10 mL), dried over anhydrous
Na,SQO,, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (eluent: 40% EtOAc/hexanes) to obtain lactone 37-6
as a white solid (0.1 g, 31%) and amide 37-7 as a colorless
semi1 solid.

tert-Butyl 4-chloro-2-[{(S)-1-{(S)-1-hydroxy-2,2-
dimethylcyclopropanecarbonyl } -pyrrolidine-2-
carboxamido }methyl]benzylcarbamate (37-9)

Triethylamine (3 mL) was added to a solution of lactone
37-6 (0.1 g, 0.48 mmol) and Boc protected amine 37-8 (0.15
g, 0.51 mmol) in CH,Cl, (2 mL) and the reaction mixture
was stirred at room temperature for 72 h. The reaction
mixture was concentrated to dryness and the residue was
purified by silica gel column chromatography (eluent: 60%
EtOAc/hexanes) to aflord amide 37-9 as a pale yellow semi

solid.

(S)—N-(2-(Aminomethyl)-5-chlorobenzyl)-1-((5)-1-
hydroxy-2,2-dimethylcyclopropanecarbonyl)pyrroli-
dine-2-carboxamide 2,2,2-trifluoroacetate (37-11a)

A 50% solution of TFA in CH,CI, (4 mL) was added to
the solution of Boc protected amine 37-9 (0.18 g, 0.37
mmol) in CH,Cl, (2 mL) and the reaction mixture was
stirred at 0° C. for 30 min. The reaction mixture was
concentrated under reduced pressure and residue was tritu-

rated with diethyl ether to atiord amine salt 37-11a as a white
hygroscopic solid. 'HNMR (400 MHz, DMSO-d,,): 8.46 (1,

J=5.2 Hz, 1H), 8.15 (brs, 3H), 7.57-7.49 (m, 1H), 7.39-7.33
(m, 2H), 6.0 (brs, 1H), 4.44-4.27 (m, 3H), 4.14-4.02 (m,
3H), 3.99-3.88 (m, 1H), 2.11-1.73 (m, 4H), 1.15 (s, 3H),
1.98 (d, J=4.4 Hz, 1H), 0.84 (s, 3H), 0.38 (d, J=4.4 Hz, 1H).

tert-Butyl 4-chloro-2-[{(S)-1-{(R)-1-hydroxy-2,2-
dimethylcyclopropanecarbonyl }pyrrolidine-2-
carboxamido } methyl]benzylcarbamate (37-10)

A solution of L1IOH*H,O (0.25 g, 1.28 mmol) 1n water (2
ml.) was added to the solution of ester 37-7 (0.71 g, 3.70
mmol) in THF (3 mL) at 0° C. and the reaction mixture was
stirred at room temperature for 4 h. Solvent was removed at
reduced pressure and the residue was dissolved 1n water (10
ml.) and acidified with 2M aqueous HCI to pH 4-5. The
aqueous layer extracted with EtOAc (3x30 mL). The com-
bined organic layer was dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure to obtain
acid as a colorless liquid.

The mixture of acid (0.14 g, 0.63 mmol), amine 37-8
(0.17 g, 0.63 mmol), EDCI (0.24 g, 1.26 mmol), and HOBt
(0.17 g, 1.26 mmol) in CH,Cl,(4 mL) was stirred at 0° C.
and the reaction mixture was stirred at room temperature for
14 h. The mixture was diluted with CH,Cl, (20 mL), washed
with saturated NaHCO, solution (10 mL) and 0.5 N HCI (10
ml.) successively. The organic layer was separated and
washed with brine (10 mL), dnied over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. The resi-

due was purified by silica gel column chromatography
(eluent: 60% EtOAc/hexanes) to obtain 37-10 as pale yellow
semi1 solid.

(S)-{2-(Aminomethyl)-5-chlorobenzyl)-1-{(R)-1-
hydroxy-2,2-
dimethylcyclopropanecarbonyl }pyrrolidine-2-car-
boxamide-2,2,2-trifluoroacetate (37-11b)

A 50% solution of TFA mn CH,Cl, (2 mL) was added to
the solution of 37-10 (0.13 g, 0.50 mmol) in CH,C1, (1 mL)
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and reaction was stirred at 0° C. for 30 min. The reaction
mixture was concentrated under reduced pressure and resi-
due was triturated with diethyl ether to provide amine salt
37-11b as an off-white hygroscopic solid. "HNMR (400
MHz, CD,CN): 8.27 (t, J=5.2 Hz, 1H), 8.02 (bs, 3H), 7.47
(d, I=1.6 Hz, 1H), 7.43 (d, J=8.4 Hz, 1H), 7.33 (dd, J=8.0
Hz, J=2.0 Hz, 1H), 5.85 (brs, 1H), 4.49 (dd, J=14.8 Hz, 6.0
Hz, 1H), 4.35-4.16 (m, 4H), 3.90-3.83 (m, 1H), 3.62-3.58
(m, 1H), 2.21-2.16 (m, 1H), 1.98-1.96 (m, 1H), 1.90-1.73
(m, 2H), 1.24 (s, 3H), 1.11 (d, J=5.2 Hz, 1H), 0.89 (s, 3H),
0.50 (d, J=5.2 Hz, 1H).

EXAMPL.

L1l

38

Preparation of (S)—N{2-(Aminomethyl)-5-chlo-
robenzyl}-1-{(R)-tetrahydrofuran-2-
carbonyl } pyrrolidine-2-carboxamide-2,2,2-trifluoro-
acetate (38-4)

Cl
/
1N N 082 -
AN EDCsHCI, HOBt
DIPEA
O
NHBoc
38-1
Cl
/
H TFA
e N N SN CILCL
O O
NHBoc¢
38-3
Cl
/
H
on N N AN
O O
NH,
“TFA

38-4

tert-Butyl-4-chloro-2-[{(S)-1-((R)-tetrahydrofuran-
2-carbonyl) pyrrolidine-2-carboxamido }methyl]
benzylcarbamate (38-3)

A mixture of acid 38-2 (31.3 mg, 0.42 mmol), EDCI (61.1
mg, 0.32 mmol), HOBt (33.1 g, 0.24 mmol), DIPEA (0.5
ml., 0.28 mmol) and amine 38-1 (90 mg, 0.24 mmol) in
DMF (5 mL) was stirred at room temperature for 2 h. The
mixture was diluted with water (100 mL) and extracted with
EtOAc (3x100 mL). The combined organic extracts were
washed with saturated NaHCO, solution (20 mL), 1N aque-
ous HCl (20 mL), brine solution (20 mL), dnied over
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anhydrous Na,SQO,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (silica gel; eluent: 10% MeOH/CH,Cl,) to

get amide 38-3 as ofl-white solid.

-chlorobenzyl}-1-{(R)-
tetrahydrofuran-2-carbonyl }pyrrolidine-2-carboxam-
1de-2,2,2-trifluoroacetate (38-4)

Trifluoroacetic acid (50% solution in CH,Cl,, 3 mL) was
added to Boc protected amine 38-3 (80.0 mg, 0.17 mmol) 1n
CH,CI, (1 mL) and reaction was stirred at 0° C. for 1 h. The
solvent and volatiles were removed under reduced pressure
and the residue was purified by reverse phase combaiflash
chromatography (C18; 10-100% acetonitrile/water) to
obtain 38-4. 'H NMR (DMSO-d,, 300 MH,) (8) ppm:
8.49-8.88 (m, 1H), 8.12 (brs, 3H), 7.39-7.43 (d, J=12.0 Hz,
3H), 4.34-4.57 (m, 1H), 4.15-4.32 (m, 2H), 3.80-4.12 (m,
2H), 3.49-3.77 (m, 3H), 3.42-3.48 (m, 2H), 1.68-2.10 (m,
SH).

EXAMPL.

(L]

39

Preparation of (S) -5-chlo-
robenzyl}-1-(5-ethoxy-1H-pyrrole-2-carbonyl)pyrro-
lidine-2-carboxamide-2,2,2-trifluoroacetate (39-10)

MPMCIL_
O NaH
0,8 el R DMFE
H
39-1
DiBAL—H _
CH,CL,
055
2H . I\i
MPM
390-2
OH TMNSCN -
BEz+Et,O
O25~ CILCL
\
MPM
39-3
HCI—MeOH
CN 1, 4-dioxane,
U258~ N
\
MPM
304
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CAN .
COOMe acetonitrile
O, S water
2 --..1\{
MPM
39-5
LiOH
COOMe THF:H,0
OsS
22~
H
39-6
Cl
O
NI,
CO-H
30-8
N HATU g
H DIPEA
397 DME
Cl
% TFA
CH-ClL>
O
NHBoc¢
39-9
Cl
N N
\ O
OsS O
29~ N
H
NH,
TFA
39-10

2-(4-Methoxybenzyl)benzo|d]isothiazol-3(2H)-one
1,1-dioxade (39-2)

A solution of saccharin (3.0 g, 27.3 mmol) in DMF (20
ml.) was added drop wise to the mixture of NaH (1.2 g, 30
mmol, 60% dispersion 1n mineral o1l) in DMF (50 mL) at 0°
C. under an argon atmosphere. The mixture was stirred for
5> min and p-methoxybenzyl chloride (4.0 mL, 30.0 mmol)
was added drop wise at the same temperature. The resulting,
mixture was warmed to room temperature and heated to
reflux (bath temperature 110° C.) for 5 h. Thereafter, the
mixture was cooled to room temperature, quenched with
water (100 mL), and extracted with EtOAc (2x200 mL). The
combined organic extracts were washed with water (3x100
mL), brine (50 mL), dried over anhydrous Na,SQO,, filtered,

and concentrated under reduced pressure. The crude product
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was recrystallized from CH,Cl,-hexanes to provide sultam
39-2 as a colorless crystalline solid.

(£)-3-Hydroxy-2-(4-methoxyphenyl)methyl-1,2-
benzisothiazoline 1,1-dioxide (39-3)

DIBAL-H (254 mL, 23.5 mmol, 1.0 M solution 1n

hexanes), was added drop wise to the solution of sultam 39-2
(6.5 g, 21.4 mmol) in CH,CL, (77 mL) at -=78° C. under an

argon atmosphere and the mixture was stirred for 1 h. The
reaction was carefully quenched with 30% aqueous solution
of Rochelle’s salt and the resulting mixture was vigorously
stirred at 25° C. for 3 h. The organic layer was separated and
the aqueous layer was extracted with CH,Cl, (2x100 mL).
The combined organic layers were washed with brine (50
mL), dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure. The crude product was
recrystallized from EtOAc/hexanes to provide 3-hydroxy-
sultam 39-3 as colorless oil.

(£)-3-Cyano-2-(4-methoxyphenyl)methyl-1,2-ben-
zisothiazoline 1,1-dioxide (39-4)

BF;+Et,O (1.2 mL, 9.7 mmol) and TMSCN (18.3 mlL,
18.2 mmol) was added drop wise to a solution of 3-hydroxy-
sultam 39-3 (2.80 g, 9.16 mmol) in CH,C1, (35 mL) at -78°
C. under an argon atmosphere and mixture was stirred for 1
h. The mixture was warmed to 0° C. and quenched with
saturated aqueous NaHCO; solution (pH 8). The organic
layer was separated, washed with brine (50 mL), dried over
anhydrous Na,SQO,, filtered, and concentrated under reduced
pressure. The crude product was recrystallized from

CH,Cl,/hexanes to provide nitrile 39-4 as amorphous white
solid.

(£)-3-Methoxycarbonyl-2-(4-methoxyphenyl)
methyl-1,2-benzisothiazoline 1,1-dioxide (39-3)

MeOH (20 mL) and acetyl chloride (4.0 mL, 55.8 mmol)
were added sequentially to a solution of nitrile 39-4 (1.2 g,
3.82 mmol) 1n anhydrous 1,4-dioxane (10 mL) at 0° C. The
mixture was warmed to 25° C. and was stirred for 3 days.
The mixture was quenched with water (50 mL) and
extracted with EtOAc (3x30 mL). The combined organic
phase was washed with an aqueous saturated NaHCO,
solution (20 mL), water (2x20 mL), and brine (20 mL), dried
over anhydrous Na,SO,, filtered and concentrated under
reduced pressure to give ester 39-5 as a colorless o1l.

(£)-3-Methoxycarbonyl-1,2-benzisothiazoline-1,1-
dioxide (39-6)

A solution of ceric ammonium nitrate (8.45 g, 15.1 mmol)
in water (15 mL) was added drop wise to the solution of
sultam 39-5 (1.37 g, 3.94 mmol) in CH,CN (46 mL ) at room
temperature and mixture was stirred at room temperature for
1 h. The solvent was removed under reduced pressure,
diluted with water (20 mL) and extracted with EtOAc (3x50
ml.). The combined organic extract was washed with brine
(20 mL), dried over anhydrous Na,SO,, filtered and con-
centrated under reduced pressure. The residue was purified
by column chromatography (silica gel, eluent: 30-70%)
EtOAc/hexanes to provide ester 39-6 as a brown solid.

(£)-3-Carboxy-1,2-benzisothiazoline 1,1-dioxide
(39-7)

A solution of L1OH (123 mg, 5.1 mmol) in water (2 mL)
was added drop wise to the solution of ester 39-6 (370 mg,
1.63 mmol) in THF (5 mL) at room temperature and mixture



US 9,469,608 B2

121

was stirred for 10 min. The solvent was removed under
reduced pressure, the residue was diluted with water (20
mlL), washed with MTBE (1x20 mL). The aqueous layer
was acidified with 2N HCI to pH 2, and extracted with
EtOAc (2x50 mL). The combined organic layers were

washed with brine, dried over anhydrous Na,SO,, filtered,
and concentrated under reduced pressure to provide 3-car-

boxysultam 39-7 as a white solid.

tert-Butyl-4-chloro-2-[{(2S)-1-(1,1-dioxido-2,3-
dihydrobenzo[d]isothiazole-3-carbonyl )pyrrolidine-
2-carboxamido }methyl]benzylcarbamate (39-9)

Diaisopropylethyl amine (0.36 mL, 2.03 mmol) was added
to the mixture of amine 39-8 (620 mg, 1.69 mmol), acid 40-7
(360 mg, 1.69 mmol) and HATU (706 mg, 1.86 mmol) 1n
DMF (5.0 mL) at 0° C. and mixture was stirred at room
temperature for 2 h. The reaction mixture was quenched
with water (20 mL) and extracted with EtOAc (2x350 mL).
The combined organic layer was washed with saturated
aqueous NaHCO, (25 mL), water (2x50 mL), brine (20 mL),
dried over anhydrous Na,SO, and concentrated under
reduced pressure. The residue was purified by column
chromatography (silica gel, EtOAc/hexanes: 20-30%) to
provide amide 39-9 as diastereomeric mixture as pale yellow
gummy solid.

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(5-
ethoxy-1H-pyrrole-2-carbonyl)pyrrolidine-2-carbox-
amide (39-10)

Trifluoroacetic acid (1.2 mL, 15.6 mmol) and water (100
ul) were added to a solution of boc amine 39-9 (0.58 g, 1.04
mmol) i CH,Cl, (10.0 mL) and mixture was stirred at room
temperature for 16 h. The solvent and volatiles were
removed under reduced pressure and residue was purified by

column chromatography (C18: CH,CN/water: 10-40%) to
provide diasterecomer 39-10a (243 mg) as amorphous white
solid and diasteromer 39-10b as amorphous white solid.

39-10a: '"H NMR (400 MHz, CDCl,) (mixture of rotam-
ers). 0 7.81-7.74 (m, 1H ), 7.71-7.59 (m, 2H ), 7.54-7.47 (m,
1H), 7.44 (s, 1H), 7.40-7.32 (m, 2H), 5.61 (s, 0.3H), 5.59 (s,
0.7 H), 4.65 (d, J=14.2 Hz, 0.4 H), 4.48-4.32 (m, 2.6H),
4.32-4.10 (m, 2H), 4.02-3.81 (m, 2H), 2.36-2.25 (m, 1H),
2.22-2.11 (m, 1H), 2.12-1.91 (m, 2H)

39-10b: "H NMR (300 MHz, CDCl,) (mixture of rotam-
ers). 0 7.81-7.71 (m, 1H ), 7.71-7.58 (m, 2H ), 7.53-7.47 (m,
1H), 7.44 (s, 1H), 7.40-7.32 (m, 2H), 5.61 (s, 0.3H), 5.60 (s,
0.7 H), 4.65 (d, J=15.0 Hz, 0.4 H), 4.50-4.23 (m, 2.6H),
4.22-4.08 (m, 2H), 4.02-3.79 (m, 2H), 2.38-2.23 (m, 1H),
2.23-1.89 (m, 3H)

EXAMPL.

40

(Ll

Preparation of (5)-1-(1-Aminocyclopentanecarbo-
nyl)-N-{2-(aminomethyl)-5-
chlorobenzyl}pyrrolidine-2-carboxamide-2,2,2-trif-
luoroacetate (40-4)

Cl
PN
~

H
HN N
N
7 BocHN -
40-2
COOH HATU, DIPEA, DMF -
BocHN
40-1
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Cl

Z

S ‘
N TFA

~~ CILCL
BocHN O
O NHBoc
40-3

Cl
)\
Q\{ X ‘
\/\[
H,N \ O .

2TFA

H,

40-4

tert-Butyl 2-[{(S)-1-{(R)-2-(benzyloxy)-2-
phenylacetyl }pyrrolidine-2-carboxamido } methyl]-4-
chlorobenzylcarbamate (40-3)

The mixture of acid 40-1 (0.1 g, 0.44 mmol), amine 40-2
(0.17 g, 0.48 mmol), HATU (0.18 g, 0.48 mmol), DIPEA
(0.24 mL, 1.32 mL) 1n anhydrous DMF (10 mL) was stirred

under nitrogen at room temperature for 2 h. The reaction

mixture was quenched with water (50 mL), extracted with
EtOAc (3x25 mL). The combined organic layer was washed
with saturated aqueous solution of NaHCO, (2x25 mlL),
brine solution (25 mlL), dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. The resi-
due was purified by silica gel combiflash column chroma-

[

ord

tography (C18; eluent: 10-100% acetonitrile:water) to at

amide 40-3 as a brown solid.

(S)-1-(1-Aminocyclopentanecarbonyl)-N-{2-(amin-
omethyl)-5-chlorobenzyl} pyrrolidine-2-carboxam-
1ide-2,2,2-trifluoroacetate (40-4)

Trifluoro acetic acid (1 mL, 60 mmol) was added drop
wise to a stirred solution of amide 40-3 (0.12 g, 0.21 mmol)
in CH,Cl, (5 mL) and mixture was stirred at room tempera-
ture for 2 h. The solvent and volatiles were removed at
reduced pressure. The residue was purified by reverse phase

combitlash column chromatography (C18: eluent: 0-40%

acetonitrile/water) to obtain 40-4. '"H NMR (DMSO-d., 400
MH.,) (0) ppm: 8.62 (s, 1H), 8.41-7.98 (m, 6H), 7.49-7.38
(m, 3H), 4.44-4.41 (m, 1H), 4.35-4.34 (m, 2H), 4.10-4.02
(m, 2H), 3.59-3.53 (m, 2H), 2.32-2.31 (m, 2H), 2.13-2.12
(m, 1H), 1.97-1.83 (m, 8H), 1.70-1.67 (m, 1H).
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EXAMPL,

(L]

41

N-{2-(Aminomethyl)-5-chlo-
robenzyl}-1-{1-(methylsulfonamido)
cyclopentanecarbonyl }pyrrolidine-2-carboxamide-2,
2,2-trifluoroacetate (41-5)

1. TFA, CH,Cl, _
cooH 2 MsCl, NaOH, THF, Water
BocHN
41-1
Cl
)\
\“Huf’EEQthtff#f
COOH 0O
HN BoclIN®
\ /CH3
0’78\ 41-3 _
O HATU, DIPEA, DMF
41-2
Cl
TFA
CH-Cly
S--...
& N
0 A/ HBoc
41-4
Cl
N N
H,C
\S
25 N 0O
o7\ O NI,
O 8
‘TFA
41-5

1-Aminocyclopentanecarboxylic acid (41-2)

Trifluoro acetic acid (2 mL, 120 mmol) was added drop
wise to the stirred solution of Boc-amino acid 41-1 (0.5 g,
2.18 mmol) in CH,CIl, (10 mL), and mixture was stirred at
room temperature for 4 h. The solvent and volatiles were
removed at reduced pressure and residue was dried under
high vacuum to obtain 1-aminocyclopentanecarboxylic acid
compound with 2,2,2-trifluoroacetic acid.

A 2N solution of sodium hydroxide (5.45 mL, 10.9 mmol)
and methane sulfonyl chloride (0.51 g, 6.54 mmol) was
added to the solution of above amino acid in THF (20 mL)
and mixture was stirred at room temperature for 16 h. The
organic solvent was removed at reduced pressure. The
mixture was diluted with water (10 mL), acidified with
aqueous 1N HCI to pH 3, and extracted with EtOAc (3x25
ml.). The combined organic extracts were dried over anhy-
drous Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by reverse phase combi-

5

10

15

20

25

30

35

40

45

50

55

60

65

124

flash column chromatography (C18; eluent: 10-100%
acetonitrile/water) to aflord sulphonamide 41-2 as a brown
semi-solid.

(S)-tert-Butyl 4-chloro-2-[{1-(1-(methylsulfona-
mido)cyclopentane carbonyl)pyrrolidine-2-
carboxamido }methyl]benzylcarbamate (41-4)

The mixture of acid 41-2 (0.06 g, 0.29 mmol), amine 41-3
(0.11 g, 0.29 mmol), HATU (0.12 g, 0.32 mmol), DIPE
(0.15 mL, 0.87 mL) 1n anhydrous DMF (10 mL) and was
stirred under nitrogen at room temperature for 2 h. The
reaction mixture was quenched with water (50 mlL),
extracted with EtOAc (3x25 mL). The combined organic
layer was washed with saturated aqueous solution of
NaHCO; (2x25 mL), brine solution (25 mlL), dnied over
anhydrous Na,SO,, filtered and concentrated under reduced
pressure. The residue was purified by silica gel combitlash
column chromatography (C18; eluent: 10-100% acetonitrile/
water) to aflord amide 41-4 as a brown solid.

N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{1-
(methylsulfonamido)

cyclopentanecarbonyl }pyrrolidine-2-carboxamide-2,
2,2-trifluoroacetate (41-5)

(S)

Trifluoro acetic acid (0.5 mL, 30 mmol) was added drop
wise to a stirred solution of amide 41-4 (0.08 g, 0.14 mmol)
in CH,Cl, (3 mL) and mixture was stirred at room tempera-
ture for 2 h. The solvent and volatiles were removed at
reduced pressure and dried under high vacuum. The residue
was purified by reverse phase combitlash column chroma-

tography (C18: eluent: 0-30% acetonitrile/water) to obtain
41-5. 'H NMR (DMSO-d,, 400 MH,) (8) ppm: 8.13-8.09
(m, 4H), 7.73 (s, 1H), 7.42-7.40 (m, 3H), 4.48-4.2"7 (m, 3H),
4.09 (s, 2H), 3.87-3.84 (m, 1H), 3.74-3.71 (m, 1H), 2.95 (s,
3H), 2.31-2.24 (m, 1H), 2.22-2.06 (m, 2H), 1.94-1.86 (m,
4H), 1.71-1.56 (m, SH).

EXAMPL.

L1l

42

N-(2-(Aminomethyl)-5-chlo-
robenzyl)-1-(pyrimidine-2-carbonyl)pyrrolidine-2-
carboxamide bis(2,2,2-trifluoroacetate) (42-3)

HN
O NH
Cl
k/\/
‘/'\ N BOCHN\/‘\/
N Z OH INT-2 _
HATU, Et;N, DME
O
42-1
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TEFA
CILCL
HN
BDG/
47-2
7\
NH —
""'--....__- N
O O \ /
HZNJ
2 TFA
42-3

(S)-tert-Butyl-4-chloro-2-[{1-(pyrimidine-2-carbo-
nyl)pyrrolidine-2-carboxamido } methyl]benzylcar-
bamate (42-2)

A mixture of acid 42-1 (0.10 g, 0.80 mmol), amine 1-10
(0.29 g, 0.80 mmol), HATU (0.61 g, 1.61 mmol) and Et ;N
(0.34 mL, 2.41 mmol) in DMF (10 mL) was stirred under
nitrogen for 3 h at room temperature. The reaction was
quenched with water (100 mL) and extracted with EtOAc
(3x20 mL). The combined organic layer was washed with
water (2x100 mL), brine (50 mL), dried over anhydrous
Na,SQO, and concentrated under reduced pressure. The resi-
due was purified by reverse phase combitlash chromatog-
raphy (C18, eluent: 0-30% H,O/CH,CN) to afford the amide
42-2 as a colorless oil.

N-[2-(Aminomethyl)-5-chlorobenzyl]-1-(py-
rimidine-2-carbonyl)pyrrolidine-2-carboxamide bis
(2,2,2-trifluoroacetate) (42-3)

A 50% solution of Trifluoroacetic acid in CH,CI, (5 mL)
was added to the solution of Boc protected amine 42-2 (0.14
g, 0.29 mmol) in CH,Cl, (5 mL) and the reaction mixture
was stirred under nitrogen for 2 h. The solvent was removed
at reduced pressure and the residue was azeotroped with
toluene (8 mL). Hygroscopic solid was obtained dissolved in
1:1 acetomtrile/water (4 mL) and lyophjlized for 24 h to
obtain 42-3 as hygroscopic off-white solid. 'H NMR (300
MHz, MeOD-d,) ¢ 8.91 (d, J=5.1 Hz, 1H), 8.56, (d, J=4.8
Hz, lH) 7.59 (t, JI=5.1 Hz, 1H), 7.25-7.48 (m, 3H) 4.89-
481 (m, 1H), 4.62-4.53 (m 1H), 4.37-4.13 (m, 1H), 4.18-
4.13 (m, 2H), 3.85-3.73 (m, 2H), 2.40-2.21 (m, 1H), 2.15-
1.90 (m, 3H)
In Vitro Assay for Determiming Proteinase Inhibition

Relevant 1n vitro assays are referenced 1in Morrissette, et
al., Bioorg. Med. Chem. Lett. 2004, 14, 4161-4164 and
described 1n Lewis, et al. Thromb. Res. 1993, 70, 173
(assays of human a-thrombin and human trypsin), and
Lewis, et al. Thromb. Haemostasis 1995, 74, 1107-1112. The
assays were carried out at 25° C. 1n 0.05 M TRIS bufler pH
7.4,0.15 M Na(l, 0.1% PEG. Trypsin assays also contained
1 mM CaCl2. In assays wherein rates of hydrolysis of a
p-nitroanilide (pna) substrate were determined, a Thermo-
max 96-well plate reader was used was used to measure (at
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405 nm) the time dependent appearance of p-nitroaniline.
sar-PR-pna was used to assay human o-thrombin (K =125
uM) and bovine trypsin (K =125 uM). p-Nitroanilide sub-
strate concentration was determined from measurements of

absorbance at 342 nm using an extinction coeflicient of 8270
cm™ M.

In certain studies with potent inhibitors (K, <10 nM)
where the degree of inhibition of thrombin was high, a more
sensitive activity assay was employed. In this assay the rate
of thrombin catalyzed hydrolysis of the fluorogenic substrate
benzyloxycarbonyl-Gly-Pro-Arg-7-amino-4-trifluorometh-
ylcoumarin (Z-GPR-alc, Lewis S. D. et al. (1998) 1. Biol.
Chem. 273, pp. 4843-48534) (K _=27 uM) was determined

from the increase 1n fluorescence at 500 nm (excitation at
400 nm) associated with production of 7-amino-4-trifluo-
romethyl coumarin. Concentrations of stock solutions of
7Z-GPR-alc were determined from measurements of absor-
bance at 380 nm of the 7-amino-4-trifluoromethyl coumarin
produced upon complete hydrolysis of an aliquot of the
stock solution by thrombin.

Activity assays were performed by diluting a stock solu-
tion of substrate at least tenfold to a final concentration =<0.1
K _1nto a solution containing enzyme or enzyme equili-
brated with inhibitor. Times required to achieve equilibra-
tion between enzyme and inhlibitor were determined in
control experiments. Initial velocities of product formation
in the absence (V_) or presence ol inhibitor (V,) were
measured. Assuming competitive imhibition, and that unity
1s negligible compared K_/[S], [I]/e, and [I]/e (where [S],
[I], and e respectively represent the total concentrations, of
substrate, inhibitor and enzyme), the equilibrium constant
(K.,) for dissociation of the inhibitor from the enzyme can be
obtained from the dependence of V_/V. on [I] shown 1n the

following equation.

V. /V=1+[IJ/K,

The activities shown by this assay indicate that the
compounds of the mvention may be therapeutically usetul
for treating various conditions 1n patients suffering from
unstable angina, refractory angina, myocardial infarction,
transient 1schemic attacks, atrial fibrillation, thrombotic
stroke, embolic stroke, deep vein thrombosis, disseminated
intravascular coagulation, and reocclusion or restenosis of
recanalized vessels.

Tablets containing 25, 50, and 100 mg., respectively, of
the following active Compounds are prepared as 1llustrated
N-[2-(Aminom-
cthyl)-5-chlorobenzyl]-1 (R) 2-(2-hydroxyethyl)-3,3-dim-
cthylbutanoyl]pyrrolidine-2-carboxamide-2,2 2-tr1ﬂuoroac-
ctate.

Amount-(mg)
Component A B C
Active | 25 50 100
Microcrystalline cellulose 37.25 100 200
Modified food corn starch 37.25 4.25 8.5
Magnesium stearate 0.5 0.75 1.5

All of the active compound, cellulose, and a portion of the
corn starch are mixed and granulated to 10% corn starch
paste. The resulting granulation 1s sieved, dried and blended
with the remainder of the corn starch and the magnesium
stearate. The resulting granulation 1s then compressed nto
tablets containing 25, 50, and 100 mg, respectively, of active
ingredient per tablet.

Exemplary compositions of (35)-N-[2-(Aminomethyl)-3-
chlorobenzyl]-1-[(R)-2-(2-hydroxyethyl)-3,3-dimethylbu-
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tanoyl|pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate
(Active 1) tablets are shown below:

Component 0.25 mg 2 mg 10 mg 50 mg
Active | 0.500% 1.000% 5.000%  14.29%
mannitol 49.50% 49.25% 47.25% 42.61%
microcrystalline cellulose  49.50% 49.25% 47.25% 42.61%
magnesium stearate 0.500% 0.500% 0.500% 0.500%

0.25, 2, 10 and 50 mg tablets were film-coated with an
aqueous dispersion of hydroxypropyl cellulose, hydroxypro-
pyl methylcellulose and titantum dioxide, providing a nomi-
nal weight gain of 2.4%.

Active I, mannitol and microcrystalline cellulose were
sieved through mesh screens of specified size (generally 250
to 750 um) and combined 1n a suitable blender. The mixture
was subsequently blended (typically 15 to 30 min) until the
drug was uniformly distributed 1n the resulting dry powder
blend. Magnesium stearate was screened and added to the
blender, after which a precompression tablet blend was
achieved upon additional mixing (typically 2 to 10 min). The
precompression tablet blend was then compacted under an
applied force, typically ranging from 0.5 to 2.5 metric tons,
suilicient to yield tablets of suitable physical strength with
acceptable disintegration times (specifications will vary with
the size and potency of the compressed tablet). In the case
of the 2, 10 and 50 mg potencies, the tablets were dedusted
and film-coated with an aqueous dispersion of water-soluble
polymers and pigment.

Alternatively, a dry powder blend 1s compacted under
modest forces and remilled to afford granules of specified
particle size. The granules are then mixed with magnesium
stearate and tabletted as stated above.

Intravenous formulations (S)—N-[2-(Aminomethyl)-5-
chlorobenzyl]-1-[(R)-2-(2-hydroxyethyl)-3,3-dimethylbu-
tanoyl|pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate
(Active 1) were prepared according to general intravenous
formulation procedures.

Component Estimated range
Active | 0.12-0.50 mg
D-glucuronic acid 0.5-5 mg
Mannitol NF 50-53 mg
IN Sodium Hydroxide q.s. pH 3.9-4.1
Water for injection q.s. 1.0 mL

Various other bufler acids, such as L-lactic acid, acetic
acid, citric acid or any pharmaceutically acceptable acid/
conjugate base with reasonable butlering capacity in the pH
range acceptable for intravenous administration may be
substituted for glucuronic acid.

What 1s claimed 1s:
1. A compound of the formula I

Cl
PN
AN

R

(D

\/ Y
or a pharmaceutically acceptable salt thereof, wherein

mi1s O or 1;
R is a heterocycle, —(CR°R”), ,NH,, or —(CR?®
R”), ,OH, wherein R®and R”, each time in which they
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occur, are 1independently H, C, . alkyl, —CH,F,
—CHF,, CF; or —CH,OH;

W 1s

a) —CHR'R®, where R'is —C(CH,),, and RZis
_(CHz)l-ZOH: ' '

b) a 5- or 6-membered unsubstituted or substituted het-
erocycle having lor 2 heteroatoms selected from N and
O_g, wherein substituted heterocycle 1s substituted with
R,

¢) a 9- or 10-membered unsubstituted or substituted
heterocycle having lor 2 heteroatoms selected from N,
O and S, wherein substituted heterocycle 1s mono-
substituted with R, or disubstituted with R*and R*,

or

d) a 3-, 4-, or S-membered carbocyclic ring which 1s
unsubstituted, mono-substituted with R>, di-substituted
with R’and R*, or tri-substituted with R>, R*and R":

R*is —CF,, —COOH, —COOR’, —C(O)R°, —CH(OH)
R°, —CH,R®, R®, —O, halogen, R’, —OH, —NH., or
—NHSO,R’;

R*s —OH, —O, or C, . alkyl;

R>is C,_. alkyl;

R°is

9

N ;

R’is C,_, alkyl;

R'is H or C,_, alkyl.

2. A compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein R 1s —CH,NH,, —CH,OH or

tetrazole.

3. A compound of claim 2, or a pharmaceutically accept-
able salt thereof, wherein R 1s —CH,NH,or tetrazole.

4. A compound of claim 1, or a pharmaceutically accept-
able salt thereol, wherein W 1s —CH(C(CH,);)CH,CH,OH,
or —CH(C(CH;),)CH,OH.

5. A compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein W 1s

O O
m./v[nw R3 R4 >-LLL
O\\\\S ) Y‘-/{ Z 7N
o7 N VSRS, ‘ ,J
= O N/
H
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-continued
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6. A compound of claim 5, or a pharmaceutically accept-
able salt thereof, wherein W 1s
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-continued

AR
[ =

X NS

0
NZ

‘ —R?
X

or

NH
S/

7\

O

7. A compound of claim 1, or a pharmaceutically accept-

able salt thereof, wherein RZ

is —CF, COOH,

— COOCH,CH,, Cl, OH, NH.,, NHSO,CH,,

N
E
A
N |
Ny
s
.
N

\_/>N’ \_ />’

8. A compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein R* is CHs,.

9. A compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein R> is CH,.

10. A compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein R’ is CH,.

11. A compound of claim 1, or a pharmaceutically accept-

able salt thereof, wherein R*° is H.
12. A compound of claim 1, or a p.

narmaceutically accept-

able salt thereof, wherein R'° is CH

..3-
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13. A compound of claim 1, or pharmaceutically accept-

able salt thereof, which 1s

(S)—N-[2-(Aminomethyl)-5-chlorobenzyl]-1-[(R)-2-(2-
hydroxyethyl)-3,3-dimethylbutanoyl]pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate,

(S)—N-[2-(Aminomethyl)-5-chlorobenzyl]-1-[4-(trifluo-
romethyl)-1H-pyrrole-2-carbonyl Jpyrrolidine-2-car-
boxamide-2,2,2-trifluoroacetate,

(S)-Ethyl-5-[2-{(2-(aminomethyl)-5-chlorobenzyl)
carbamoyl } pyrrolidine-1-carbonyl]-1H-pyrrole-2-car-
boxylate-2,2,2-trifluoroacetate,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl }-1-{ 5-(trif-
luoromethyl)-1H-pyrrole-2-carbonyl } pyrrolidine-2-
carboxamide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(4-nicoti-
noyl-1H-pyrrole-2-carbonyl))pyrrolidine-2-carboxam-
1de-b1s(2,2,2-trifluoro acetate),

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-[4-{hy-
droxyl (pyridine-4-yl)methyl}-1H-pyrrole-2-carbonyl]
pyrrolidine-2-carboxamide-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-(pyri-
din-4-ylmethyl)-1H-pyrrole-4-carbonyl } pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(aminomethyl)-5-chlorobenzyl } -1-(4-nicoti-
noyl-1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxam-
1de-bi1s(2,2,2-trifluoro acetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-[4-{hy-
droxy (pyridine-3-yl }methyl]-1H-pyrrole-2-carbonyl)
pyrrolidine-2-carboxamide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-(4-pi-
colinoyl-1H-pyrrole-2-carbonyl)pyrrolidine-2-carbox-
amide-bis(2,2,2-trifluoro acetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-[4-{hy-
droxyl(pyridine-2-yl)methyl}-1H-pyrrole-2-carbonyl]
pyrrolidine-2-carboxamide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-(pyri-
din-2-ylmethyl)-1H-pyrrole-2-carbonyl } pyrrolidine-2-
carboxamide-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl)-1-}4-(pyri-
din-4-yl)-1H-pyrrole-2-carbonyl)pyrrolidine-2-carbox-
amide-bis(2,2,2-trifluoroacetate),

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{4-(pyri-
din-3-yl)-1H-pyrrole-2-carbonyl } pyrrolidine-2-car-
boxamide bis(2,2,2-trifluoroacetate),

(S)—N-[{2-(Aminomethyl)-5-chlorobenzyl }-1-{4-(pyri-
din-2-y1)-1H-pyrrole-2-carbonyl} Jpyrrolidine-2-car-
boxamide bis (2,2,2-trifluoroacetate),

(S)—N-{2-(aminomethyl)-5-chlorobenzyl } -1-{(S)-2-
(hydroxymethyl)-3,3-dimethylbutanoyl }pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate,

(S)—N-{5-Chloro-2-(hydroxymethyl)benzyl }-1-{(R)-2-
hydroxy-3,3-dimethyl butanoyl}pyrrolidine-2-carbox-
amide,

(S)—N-}2-(Aminomethyl)-5-chlorobenzyl}-1-(6-0xo0-1,
6-dihydropyridine-2-carbonyl)pyrrolidine-2-carbox-
amide-2,2,2-trifluoroacetate,

(2S)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(5-hy-
droxy-6,7-dihydro-5H-cyclopenta[b]pyridine-3-carbo-
nyl)pyrrolidine-2-carboxamide-2,2,2-trifluoroacetate,

(2S)-N-(2-(Aminomethyl)-3-chlorobenzyl)-1-(7-hy-
droxy-6,7-dihydro-5H-cyclopenta[b]pyridine-7-carbo-
nyl)pyrrolidine-2-carboxamide-bis(2,2,2-trifluoro
acetate),

(2S)-N-{2-(Aminomethyl)-5chlorobenzyl}-1-(1,3-dihy-
droisobenzofuran-1-carbonyl)pyrrolidine-2-carboxam-
1de-2,2.2-trifluoroacetate,
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(28)-N-{2-(Aminomethyl)-5chlorobenzyl }-1-(2,2-di-
ox1do-1,3-dihydrobenzo| a]thiophene-1-carbonyl)pyr-
rolidine-2-carboxamide-2,2,2-trifluoroacetate-2,2,2-
trifluoroacetate,
(28)-N-1{2-(Aminomethyl)-5-chlorobenzyl }-1-(isoindo-
line-1-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-
tritfluoroacetate),
(28)-N-1{2-(Aminomethyl)-5-chlorobenzyl }-1-(isoindo-
line-1-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-
tritfluoroacetate) Isomer A,
(28)-N-1{2-(Aminomethyl)-5-chlorobenzyl }-1-(isoindo-
line-1-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-
trifluoroacetate) Isomer B,
(28)-N-12-(Aminomethyl)-5-chlorobenzyl }-1-(2,3-dihy-
drobenzoluran-3-carbonyl)pyrrolidine-2-carboxamide-

2.2 .2-trifluoroacetate,

(28)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(indoline-
3-carbonyl)pyrrolidine-2-carboxamide  bis(2,2,2-tr1i-
luoroacetate),

(28)-N-1}2-(Aminomethyl)-5-chlorobenzyl }-1-(5-hy-
droxy-6,7-dihydro-5H-cyclopenta[b]pyridine-3-
carbonyl }azetidine-2-carboxamide bis(2,2,2-trifluoro-
acetate),

1(2S)-N-2-(Aminomethyl)-5-chlorobenzyl } -1-(5-hy-
droxy-6,7-dihydro-3SH-cyclopenta[c]pyridine-5-carbo-
nyl)pyrrolidine-2-carboxamide  bis(2,2,2-trifluoroac-
ctate),

(28)-N-{2-(aminomethyl)-5-chlorobenzyl }-1-(7-hy-
droxy-6,7-dihydro-5H-cyclopenta[c]pyridine-7-carbo-
nyl)pyrrolidine-2-carboxamide bis (2,2,2-trifluoroac-
ctate),

(25)-1-(7-Amino-6,7-dihydro-5H-cyclopenta[b]pyridine-
7-carbonyl )-N-(2-(aminomethyl)-5-chlorobenzyl)pyr-
rolidine-2-carboxamide tris(2,2,2-trifluoroacetate),

(25)-1-(7-Amino-6,7-dihydro-5H-cyclopenta[b]pyridine-
7-carbonyl )-N-(2-(aminomethyl)-5-chlorobenzyl)pyr-
rolidine-2-carboxamide tris(2,2,2-trifluoroacetate) Iso-
mer A,

(25)-1-(7-Amino-6,7-dihydro-5H-cyclopenta[b]pyridine-
‘7/-carbonyl )-N-(2-(aminomethyl )-5-chlorobenzyl)pyr-
rolidine-2-carboxamide tris(2,2,2-trifluoroacetate) Iso-
mer B,

(28)-N-1{2-(Aminomethyl)-5-chlorobenzyl }-1-(5-hy-
droxy-5,6,7,8-tetrahydroquinoline-5-carbonyl )pyrroli-
dine-2-carboxamide bis(2,2,2-trifluoroacetate),

(28)-N-1{2-(Aminomethyl)-5-chlorobenzyl }-1-(5-hy-
droxy-5,6,7,8-tetrahydroisoquinoline-3-carbonyl)pyr-
rolidine-2-carboxamide bis(2,2,2-trifluoroacetate),

(28)-N-{2-(aminomethyl)-5-chlorobenzyl}-1-(8-hy-
droxy-5,6,7,8-tetrahydroquinoline-8-carbonyl )pyrroli-
dine-2-carboxamide bis(2,2,2-trifluoroacetate),

(28)-N-{2-(Aminomethyl)-5-chlorobenzyl }-1-(1,3-dihy-
droisobenzofuran-1-carbonyl)azetidine-2-carboxam-
1de-2,2.2-trifluoroacetate,

(28)-N-{2-(aminomethyl)-5-chlorobenzyl } - 1-(isoindo-
line-1-carbonyl)azetidine-2-carboxamide bis(2,2,2-tr1-
fluoroacetate),

(28)-N-{2-(Aminomethyl)-5-chlorobenzyl } -1-(indoline-
3-carbonyl)azetidine-2-carboxamide bis(2,2,2-trifluo-
roacetate),

(28)-N-15-chloro-2-(1H-tetrazol-1-yl)benzyl } -1-(7-hy-
droxy-6,7-dihydro-5H-cyclopenta[b]pyridine-7-carbo-
nyl)pyrrolidine-2-carboxamide,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{(R)-1-
hydroxy-2,2-dimethylcyclopropanecarbonyl)pyrroli-
dine-2-carboxamide-2,2,2-trifluoroacetate,
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(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{(R)-1-
hydroxy-2,2-dimethylcyclopropanecarbonyl )pyrroli-
dine-2-carboxamide-2,2,2-trifluoroacetate Isomer A,
(S)—N-12-(Aminomethyl)-5-chlorobenzyl }-1-{(R)-1-
hydroxy-2,2-dimethylcyclopropanecarbonyl)pyrroli-
dine-2-carboxamide-2,2,2-trifluoroacetate Isomer B,
(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{(R)-tet-
rahydrofuran-2-carbonyl } pyrrolidine-2-carboxamide-
2,2, 2-trifluoroacetate,
(S)—N-{2-(Aminomethyl)-5-chlorobenzyl} 1-(5-ethoxy-
1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-2,
2.2-trifluoroacetate,
(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}1-(5-ethoxy-
1H-pyrrole-2-carbonyl )pyrrolidine-2-carboxamide-2,
2. 2-trifluoroacetate Isomer A,
(S)—N-12-(Aminomethyl)-5-chlorobenzyl } 1-(5-ethoxy-
1H-pyrrole-2-carbonyl)pyrrolidine-2-carboxamide-2,
2.2-trifluoroacetate Isomer B,

(S)-1-(1-Aminocyclopentanecarbonyl)-N-{ 2-(aminom-
ethyl)-5-chlorobenzyl } pyrrolidine-2-carboxamide-2,2,
2-trifluoroacetate,

(S)—N-{2-(Aminomethyl)-5-chlorobenzyl}-1-{1-(meth-
ylsulfonamido)cyclopentanecarbonyl }pyrrolidine-2-
carboxamide-2,2,2-trifluoroacetate,

(S)—N-(2-(Aminomethyl)-5-chlorobenzyl)-1-(pyrimi-

dine-2-carbonyl)pyrrolidine-2-carboxamide bis(2,2,2-

trifluoroacetate),
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(S)—N-(2-(aminomethyl)-5-chlorobenzyl)-2-methyl-1-

((R)-3-oxopyrrolidine-2-carbonyl )pyrrolidine-2-car-
boxamide,

(S)—N-(2-(aminomethyl)-5-chlorobenzyl)-1-(5-chloro-

1H-pyrrole-2-carbonyl)-2-methylpyrrolidine-2-car-
boxamide, or

(S)—N-(2-(aminomethyl)-5-chlorobenzyl)-2-methyl-1-

(5-methyl-1H-pyrrole-2-carbonyl)pyrrolidine-2-car-
boxamide.

14. A composition for inhibiting thrombus formation in
blood comprising a compound of claim 1 and a pharmaceu-
tically acceptable carrier.

15. A method for inhibiting thrombin 1n blood comprising
adding to the blood a composition of claim 14.

16. A method for inhibiting formation of blood platelet
aggregates 1 blood comprising adding to the blood a
composition of claim 14.

17. A method for inhibiting thrombus formation i blood
comprising adding to the blood a composition of claim 14.

18. A method for treating venous thromboembolism and
pulmonary embolism 1 a mammal comprising administer-
ing to the mammal a composition of claim 14.

19. A method for treating deep vein thrombosis in a
mammal comprising administering to the mammal a com-
position of claim 14.

20. A method for treating thromboembolic stroke 1n
humans and other mammals comprising administering to the

mammal a composition of claim 14.
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